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NUCLEAR INSTRUMENTS 


FEATURING MAJOR ADVANCES 
IN GAIN STABILITY, LINEARITY AND RELIABILITY 


These superior building blocks for your nu- 
clear systems can quickly improve existing 


techniques 


and achieve research objectives. 


All instruments are subjected to 100 hours of 
full-scale operation prior to final checking, 


testing 


and calibration assuring the 


highest levels of reliability. 


Consists of the Hamner 


N-1250 RECORDING SPECTROMETER 


instruments listed below 


Energy range is 25 KeV to 8 MeV. Stability is 0.25% 


per day. Linearity is better than 1%. 


N-1250 can be 


calibrated in terms of energy with a monoenergetic 
gamma ray and a change in energy range will not 
necessitate recalibration. 


Four ranges 


N-701C LOG COUNT RATE METER 


from 1 to 100,000 cps. Scale expansion 


allows any 3 adjacent decades to be selected by front 
panel switch. Linearity is better than 1% into a 10 MV 
recorder. Stability better than 0.25% per day. 


N-302 AMPLIFIER AND SINGLE-CHANNEL 
PULSE HEIGHT ANALYZER 


Combination provides the ultimate in reliability and 


stability for 
ponent 


single com- 


scintillation spectroscopy, 
pulse 


monitoring and proportional counter 


analysis. The high-gain amplifier handles large over- 
loads easily. Linearity is better than 0.1% from O to 
100 volts. 


The ultimate in stability. In 
X-Ray Laboratory 
within 


N-401 POWER SUPPLY 


recent Johns Hopkins 
test, N-401 voltage was constant 


+1.5 ppm for 15 hours. Features low noise 


and ripple; less than 1MV rms. Provides 5 ma. from 
500 to 1800 VDC. Dual polarity. ideal for scintillation 
counter spectrometry. 


Efficient, compact 


N-372 SCINTILLATION 
COUNTER 


2” lead 


shield. Cast aluminum base con- 
tains a wired socket for a DuMont 
6292 Photomultiplier Tube and a 


gain of 1 or 


10 feedback pream- 


plifier. Background count reduced 
to approximately 20 counts per 
minute. Designed for easy change 


of 
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N-220 DECADE SCALER 


A low-cost, fast, versatile counting 
device using three in-line decades 
and a four-digit electromechanical 
register. Time resolution is 1 micro- 
second. Preset time from 1 second 
to 60 minutes. Preset count is 10, 
100, 1000. Accessories include L-F 
Timer, plug-in RF Power Supply 
and Amplifier 


N-230 DECADE SCALER 


Same as above but without preset 
count. Time resolution 5 micro 
seconds 


ed 
S 


N-270 SERIES DECADE SCALER 


Comprises 6, 7, or 8 plug-in sub 
assemblies of the DCU type. Res 
olution | microsecond. Preset count 
of 10, 100, 1K, 10K, 100K, 1M 
10M and 100M. All controls on 
front panel. Especially suitable for 
X-Ray counting 


N-601 PRECISION SINGLE- 
CHANNEL ANALYZER 


Bell & Francis design using a fast 
window amplifier. Base line range 
0 to 100 volis, positive pulses. Win 
dow width 0 to 5 volts. Linearity 
better than 0.1%. Stability better 
than 0.2% per day 


N-101 MERCURY SWITCH 
PULSER 
ideally suited for linearity, calibra- 
tion and stability measurements of 
Adjustable rise and 
Linearity better 


spectrometers 
decay time 
than 0.1%. 


N-730 LINEAR COUNT 
RATE METER 


Range 10 to 50,000 cps. Nine 
ranges from O to 5,000. Decade 
scale of 10, | microsecond resolu 
tion, extends range |! complete 
decade. Output available for 10 
MV recorder Eleven adjustable 
time constants from 0.5 to 80 
seconds 


N-801 ELECTRONIC TIMER 


A compact (3}” x 19”) glow-tube 
type, driven from a 100 or 1,000 
cycle oscillator. Preset time of 0.5, 
1, 2, 5, 10, 20, 50, 100, 200, 
500, 1,000 and 10,000 seconds 
Provision made for elapsed time 
measurements. 
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B&W technician loads a sub-critical assembly of fuel 
rods into the autoclave designed to duplicate power re- 
actor operating conditions of temperature and pressure. 


Scientists on bridge above the Lynchburg Pool 
Reactor, arrange its core prior to operating the 
unit as a neutron source for the autoclave. 


Previewing Core Behavior 
at Operating Temperatures and Pressures 


The nuclear industry is no longer entirely dependent 
upon calculations to establish expected core operating 
characteristics, thanks to a unique Hot Exponential 
Facility at B& W’s Critical Experiments Laboratory. The 
new installation permits direct measurement of the op- 
erating characteristics of planned power reactor cores. 
Previously, these high temperature characteristics had 
to be calculated from data obtained with room tempera- 
ture critical experiments. 


The Hot Exponential Facility consists of a cylindrical 
autoclave, designed to duplicate the temperatures and 
pressures of an operating power reactor, and the ad- 
jacent Lynchburg Pool Reactor, which acts as a source 
of neutrons. A sub-critical assembly of the fuel elements 
under study is arranged in the autoclave and exposed 


to neutrons from the pool reactor. By measuring the 
neutron distribution in the autoclave, the operating 
characteristics of the reactor under study are reliably 
established. (The name Hot Exponential Facility is 
drawn from the fact that the neutron flux is known 
to drop off exponentially along the axis of the autoclave 
assembly.) 

Many uncertainties as to the over-all operating economy 
of planned reactors can now be eliminated and optimum 
reactor core designs can be empirically established . . . 
another significant step forward in B&W’s aggressive 
and diversified search for improved nuclear products at 
lower cost. For more information please write The 
Babcock & Wilcox Company, Atomic Energy Division, 


161 East 42nd Street, New York 17, N. Y. 
AE~61 


THE BABCOCK & WILCOX COMPANY 





ATOMIC ENERGY DIVISION 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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M&C NUCLEAR e. 


TUBULAR 


FUEL ELEMENTS 


M & C Nuclear’s experience encompasses a wide variety of 
tubular fuel elements for every design requirement. Depending 
on pressure and tolerance parameters, elements are manufac- 
tured and assembled by extrusion, drawing, welding, brazing, 
and mechanical joining techniques. Core materials include ura- 
nium, uranium dioxide, or U30, with aluminum, zirconium, or 
stainless steel cladding. Dip brazed 
M & C Nuclear tubular elements are presently being fabri- 
cated for use in Belgian Reactor II and for a critical design facil- 
ity leading to power reactor applications. 
Peened grooved lock 
Let us assist you in your reactor program by supplying in- i, 
formation, working specifications, and designs. Write directly Zs 
to our Manager of Marketing and Contract Administration. 


Visit our display at the 1959 Atomfair... 
Booth 112, Cleveland Auditorium, April 5 to 
10. Our Marketing and Engineering Represen- 
tatives will be available to discuss your requtre- 


essing MEC NUCLEAR,INGC. 


P. O. BOX 898, ATTLEBORO, MASSACHUSETTS, U.S.A. 





FUEL ELEMENTS, CORE COMPONENTS, COMPLETE CORES 
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Sunrise vs. Monte Carlo 


Two new proposals have come to our 
attention for cutting the Gordian knot 
of the nuclear field—how to achieve 
economic nuclear power. The first is 
set forth in this issue by Karl Cohen 
and Ed Zebroski at the General Elec- 
tric Co. under the title Operation Sun- 
rise (p. 63). G. E. takes the position 
that not even the United States can 
afford to bring each of several promis- 
ing concepts to the point of large-scal 


DO-IT-YOURSELF reactor design kit 
manufactured by Westinghouse is tried 
out by Associate Editor Hal Davis 


operation. All we can realistically 
hope to do, says G. E., is get behind a 
relatively few concepts that look “good 
enough” and push these through to 
economic feasibility by, say, 1970. 
G. E. is nominating the boiling-water 
concept as the first member of this 
chosen few. 

Many would say that the second ap- 
proach to the reactor problem (see cut), 
since it leaves everything completely to 
chance, is not really very new. That 
may be, but at least the odds under 
this new system would seem more 
clearly defined than in the past. As a 
contribution to the field, NUCLEONICS 
has conducted its own Monte Carlo 
computation consisting of 10 straight 
throws. We conclude that the reactor 
of the future will be an intermediate 
type with natural-U fuel and sodium 
coolant. There was a three way tie for 
moderator between H.O, D.O and 
graphite. Oddly enough, the reactor 
manufacturer came up Westinghouse 


every throw. 


Our New Case Histories 

On page 86 you will find the first of our 
new series of Applied Radiation Case 
Histories. These will be stories of suc- 
cessful uses of radiotracers and nuclear 
and accelerator radiation. 

We intend to meet a significant need: 
Many radiation applications are news 
when they are new and developmental 
but drop out of sight during the time 
that the user is finding the bugs and 
exterminating them. Thus our term 
‘‘case history” is intended to describe 
something that is truly practical. 

If you’re a user of radiation why not 
send us your story? 


The Editors 
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Fifth Semiannual Report. The 
219-year-old Atomic Energy Com- 
mission reported on a major con- 
struction program underway at 
Hanford and a planned $70-million 
expansion of the gaseous diffusion 
plant at Oak Ridge. 
of research the first artificial pro- 


In the area 


duction of mesons, by the 184-in. 
cyclotron at the University of 
NUCLE- 
ONIcS also reported that ‘The 


California, was reported. 


AEC has studies underway on 
cobalt-60, which shows promise of 
being a cheap substitute for radium. 
Numerous basic problems, how- 
ever, must be solved before this is 
usable for clinical applications.”’ 


Radiation monitoring. In a 1949 
survey of methods for personnel 
monitoring one finds the funda- 
mental considerations brought out 
in clearer relief than might be the 
case today. For example, one can 
readily pick out of a table the fact 
that 1 curie of 1-Mev gamma-rays 
emitted gives a calculated dose of 
6 r/hr at 1 ft, uncluttered by con- 
siderations of buildup and mixed 
radiation fields. The present-day 
reader needs to beware, however, 
since the maximum permissible ex- 
posure value is given as “0.1 r/24 hr 
although subcommittees of NRC 
have unofficially agreed upon a re- 
vised permissible value of 0.3 per 
week.’”’-—G. W. Morgan, NUCLE- 
ontcs, March ’49, p. 24 





NUCLEONICS (with which 


‘Atomic Engineering’) March 1959, Vol. 17, No. 3 
Publishing Co., Inc., James H. McGraw 
Executive, Editorial, Circulation and Advertis- 


monthly by the McGraw-H 
(1860-1948), founder 


are consolidated Atomic Power'’ and 


Published 


ing Offices, McGraw-Hill Building, 330 W. 42nd Street, N. Y. 36 


N. Y Publication Office 
eng buat Burenu of (owiottens 


Donald C. McGraw, President; Joseph A. Gerardi, 


below for directions regarding 
Executive Vice President; L. Keith Goodrich 


East York St., York, Pa See pane! 
subscriptions or changes of address 


Vice President and Treasurer; John J. Cooke, Secretary; Officers of the Publications Division 


Nelson Ll. Bond, President, Shelton Fisher, Senior 
President and Editorial Director; Joseph H. Allen 
tising Sales; A. R. Venezian, Vice President and 


Vice President, Ralph B. Smith, Vice 


Vice President and Director of Adver 
Circulation Coordinator 


United States 


Subscription rate for individuals in the field of publication $8 per year; $12 for 2 years; 


$16 for 3 years 


1 year; $16 for 2 yeers; $20 for 3 years; all other 


Canada, other Western Hemisphere countries, and the Philippines, $10 for 


countries, $15 for 1 year; $25 for 2 


years; $30 for 3 yeors Single copy prices: United States, United States possessions, and 


Canoda, $1; elsewhere, $2 


Title registered in U. S$. Patent Office 
rights reserved. 





Position and company 
scription orders. Second-closs mail privileges authorized at York, Pa 
© Copyright 


connection must be indicated on sub- 
Printed in U. S. A 
1959 McGraw-Hill Publishing Co., all 





SUBSCRIPTIONS: Send subscription correspondence and change of address to Fulfillment 


Manager, NUCLEONICS, 330 W. 42nd Street, New York 36, N. Y 
notify publisher promptly of any change of address 
If possible, enclose an address label from 
Please allow one month for change to become effective. 


and including postal zone number, if any 
a recent issue of the magazine 


Subscribers should 
giving old as well as new address, 





Postmaster: Please send form 3579 to NUCLEONICS, 330 W. 42nd St., N. Y. 36, N. Y 


Coming Features in 
NUCLEONICS 


Next Month 


Containment—A Review 

Preview of the Nuclear 
Congress and Atom Fair 

Solving the Inhour Equation 


Transistorized Monitors 


Later Months 

NUCLEONICS Reactor File 
No. 7—France’s G-2 

Personnel Monitoring 
Best to do it? 


Report on First International 
Fuel-Element Symposium 


How 





Raw Material— Zirconium tetrachlorideis Rolling sheet bar into finished sheets. 
delivered to Mallory-Sharon’s zirconium Zirconium is now available for commer- 


| J 7] 0's chunklet plant in 6-ton rubber containers. cial use in a wide range of mill shapes. 


FULLY INTEGRATED 


for zirconium production 


Zirconium has progressed, in a few 
short years, from limited application 
to a practical special-purpose 
metal for the nuclear reactor field. 
Mallory-Sharon, a pioneer in 
zirconium development, now 
offers the only completely integrated 
zirconium production facilities in 
the industry. From raw materials, 
through chunklet production, 
vacuum melting, and rolling of 
mill products, we carefully control Vacuum Melting — photo shows remote control panel for 
quality and mechanical properties vacuum consumable electrode melting furnaces at Niles, Ohio. 


at every step. 


Backing-up these physical facilities 

is an outstanding “special metals 

team”’— research and development, 

application engineers and 

customer service staff. 

When you have a technical problem 

involving zirconium or other special 

metals, come to “headquarters”. 

You'll find a Mallory-Sharon 
service engineer can be most helpful ' \ 


on properties and design applications. Zirconium Chunklets produced at Ashtabula, Ohio, plant 
And he can provide you with are used for melting into ingots for forging or rolling. 


a wealth of information on 
machining, forming and welding 
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MALLORY-SHARON METALS CORPORATION + NILES, OHIO 
integrated producer of Titanium: Zirconium + Special Metais 
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engineers and scientists 


IMMEDIATE NEW OPENINGS 


in world wide reactor programs 


Atomics International is rapidly expanding its atomic power reactor program in both 
the United States and overseas. 

This expansion has created the following career opportunities at Al’s headquarters in 
Canoga Park, California: 








ENGINEERING ANALYSIS 





Reactor Engineering. Analysis and design of over-all power reactor systems and components. Prefer 
power reactor background in engineering design and analysis. Experience in reactor safeguard 
analysis also valuable. 


Core Analysis. Complete nuclear analysis to include criticality, flux distribution, and reactivity 
requirements. Fuel cycle economics and optimization. 


Shielding. Analysis and design of biological and thermal shielding of large stationary power plants. 
Advanced studies and methods analysis for compact and mobile power plants. 


Heat Transfer and Fluid Flow. Steady state and transient experimentation and analysis. Power 
optimization studies; free and forced convection flow transients; boiling and two phase flow in 
water, organic and liquid metal systems. 


Structures. Transient and steady state stress analysis of reactor components subjected to mechanical 
loads, thermal cycling, and thermal shock. Advanced analytical studies in thermal stress fatigue, 
elastic and inelastic behavior of plates and shells, structural dynamics, and electronic analogue 
and digital computer application. 





FUEL ELEMENT DEVELOPMENT 


Fuel Materials. Senior Physical Metallurgists and Chemists for research and development of reac- 
tor fuels. Research in gas-metal systems, emphasis on structural, phase equilibria, and material 
properties. 

Alloy development of fuel and cladding materials for operation in power reactors up to temperatures 
of 1200°F and higher. 


Study radiation effects, over-all evaluation of uranium and alloys and ceramics. 


Fuel Fabrication. Senior Metallurgical, Mechanical and Chemical Engineers for fabrication develop- 
ment of materials and elements. Includes. both rod-type and plate-type elements and complex assem- 
blies. Development of non-destructive tests for these elements. 


Irradiation Experiments and Hot Lab Evaluation. Senior Physicists, Chemists and Engineers to 
develop and conduct irradiation experiments to establish the behavior of fuel materials and proto- 
type fuel elements under conditions of temperature and radiation anticipated in full scale power 
reactors. Also Senior personnel to develop techniques and equipment for the post-irradiation testing 
and evaluation of these experiments. 





Write today for more details about exciting career opportunities at A.I. 


Mr. C. C. Newton, Personnel Office, Atomics International 
21600 Vanowen Street, Canoga Park, California 
(In the suburban San Fernando Valley, near Los Angeles) 


Gf ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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4-TON ESCO 
PUMP CASTINGS 
ON WORLD'S 
LARGEST 

“CANNED” 

PUMPS 


... RESIST WATER CORROSION AT HIGH 
PRESSURES AND TEMPERATURES 
Four mammoth Westinghouse “canned” motor pumps with ESCO volutes 
have been installed recently in the nation’s first full-scale atomic electric gen- 
erating plant at Shippingsport, Pennsylvania. These 1250 h.p. giants can pump 
18,300 gallons of radioactive water coolant per minute at approximately 2000 
psi at up to 500 degrees F. 

The pump housings or “volutes” were cast by ESCO in Alloy 40-S (ACI- 
CF8), to withstand the severe corrosive effects of water at high temperatures 
and pressures. Castings were radiographed to ASTM specification E71, Class II 
and 100% dye-penetrant inspected. 

Casting specifications and inspection requirements for nuclear application 
are thoroughly understood at ESCO. Equipped with the finest facilities and 
the technical know-how, ESCO welcomes the. toughest casting assignments. 
Ask your nearest ESCO representative for details or write direct. 


ELECTRIC STEEL 
FOUNDRY COMPANY 


2165 N.W. 25TH AVE. + PORTLAND 10, OREGON 
MFG. PLANTS AT PORTLAND, ORE. AND DANVILLE, ILL. 
Offices in Most Principal Cities 
ESCO INTERNATIONAL, NEW YORK, N. Y. 

IN CANADA ESCO LIMITED 


bis omnes 
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RADIATION PROCESSING 


with 
WiiimitiePin tiie 


and ELECTRON LINEAR 
ACCELERATORS 


D ESIGNED for INDUSTRY, 


and proved in performance on a continuous- 
production basis, HIGH VOLTAGE ENGINEERING 
accelerators cover a wide range of radiation- 
processing requirements. 


® Voltage: 1.5 to 9 Mev — 
for high penetration efficiency. 

® Power: 3 to 6 kw — 
ample for production-line irradiation 
of bulk materials or packaged products. 


Guaranteed performance is assured by our 
experience in the design, manufacture, and 
application of machines that produce 
ionizing radiation. 


LUABLE NEW HANDBOOK 


covers every phase of radiation processing — 


Characteristics of radiations Attainable efficiency 

Selection of radiation source Equipment available 

Research leading to production Typical installations 
Economics of radiation processing. 


® BULLETIN P will be sent upon letterhead request. 


Hy HIGH VOLTAGE ENGINEERING 


-ORATION 
BURLINGTON MASSACHUSETTS 
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PRODUCTS and SERVICES 
DIRECTORY ISSUE 


offers a Tremendous Advertising Oppo 


1. EURATOM (France, Western Germany, Italy, Belgium, 
Netherlands and Luxembourg) has set up a massive program 
for building 15,000,000 kilowatts of nuclear power plant capacity 
in Europe by 1967. The U. S. is committed to help this program 
with about $135-million plus $50-million for research and de- 


velopment. 


A 5-Ste 
p 2. Both EURATOM and the AEC wanted the most detailed 
purchasers’ directory of American products and services ever 
Pr ogram compiled to help European buyers. The AEC talked to 
NUCLEONICS about issuing the directory. 


. 
for Selling 3. NUCLEONICS is mailing out nearly 1,000 questionnaires 
prepared with the assistance and recommendations of the AEC, 
listing more than 170 products and services. Manufacturers, 
to consulting services, etc. must return «the questionnaires with 
literature proving manufacture in order to be listed. 


EURATOM ‘ele 4. For the first time in the nucleonics industry, specifications 
and performance ratings of products will be listed in this nucle- 


onics directory (an approximate 48-page section in the regular 
May issue). The range of specifications will average four or five 
A Market 


per product (with the exception of such items as services, which 
do not lend themselves to tabular description). 


Eager for 5. Advertisers in the PRODUCTS AND SERVICES 
DIRECTORY Issue can identify themselves with the most 
exciting event facing the nucleonics industry in 1959, Added 


American advertising benefits include: 


e At AEC’s recommendation NUCLEONSEGS will print 
Products about 2,000 extra copies for distribution in BURATOM 
countries to help them prepare bids for building the first 


stations. 


e Present plans indicate advertisers’ names will be bold 
face in the listings, with page numbers of advertisements 
included. 


@ More than 20,000 paying subscribers to NUCLEONICS 
in all areas of the world, including the United States, pro- 
vide the key purchasers in the important nucleonics mar- 
ket. 





CLOSING DATE for May NUCLEONICS — Forms Close: April 1 


Contact your local NUCLEONICS representative. He will gladly assist in planning your advertisement. 


Ww 
IN 
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Tension tests are required to be made at room 
temperatures and at 670° F. 


The following minimum 


physical properties shall be met: 
At Room Temperature: 


TS 


70,000 





13 EL RA CHARPY_ V-NOTCH 


30,000 LS 50 50 





At 670° F. the minimum tensile strength shall be 
51,000 p.s.i. and the minimum yield strength 
18,300 p.s,i. 


Rejection 


Each casting that develops unacceptable 


defects during shop working or 


fails to 


conform to all of the r 

equirement 
these specifications shall be nat 
No repair by welding or other means 


will be permitted, 


All cast pipe shall be hydrostatically 
tested to 5,900 p.s.i. and held at that 
pressure for 20 minutes with zero pipe 
leakage. Each length of pipe shall be 
hydrostatically tested at the manu- 
facturer's plant. 


The 30LL stainless steel shall con- 
form to the following ladle analysis: 


Carbon 
Manganese 
Phosphorous 
Sulphur 
Silicon 





Radiographic Inspection 


(a) Paragraph SS (a) of the Supplementary requirements 
of ASTM-A 362-52T. 


(b) All castings shall be rediographed 100% and shall 
conform to ASTM-E7 1-52, Class 2 quality, except 
as modified by these specifications. 


The manufacturer shall establish a positive system 
of identification of the X-ray plates which shall 

be subject to approval by the inspector. This 
system shall guarantee complete coverage by 
radiographing and provide for positive identification 
between the plate and the subject. 


Inspection of Penetrants 


All castings shall be subjected to inspection by 
fluorescent penetrants or penetrating dyes both inside 
and out. All cracks, porosity, or flaws revealed as a 
result of the Dye Penetrant Test shall be due cause for 
rejection of the casting. 





Pipe: All pipe of the following sizes shall 

e@ centrifugally cast stainless steel as per 
ASTM-A 362-52T, except as modified by these 
specifications: 


16" - Sch. #160 
12" Sch. #160 
10" - Sch. #160 
8" - Sch. #110 


All pipe shall be machine finished to 125 
micro-inch interior and exterior. 





for nuclear piping 


met by 
U.S. PIPE 


metal 
moid 
q process 


Centrifugally Cast Stainless Steel 
Solves Many Piping Problems 


Combinations of temperatures, pressures and corrosive condi- 
tions never encountered before: these are among the piping 
problems that must be overcome by the men who design the 
nation’s nuclear power installations. 


Stainless steel centrifugally cast pipe provides many of the 
answers. Study the specifications at the left... specifications 
demanded of stainless steel pipe on a recent job for Paul 
Hardeman, Inc., Los Angeles, California. This pipe is being used 
for heavy duty, high pressure, elevated temperature service in 
the primary piping system of the SPERT-IIi Reactor at the U.S. 
Atomic Energy Commission's National Reactor Testing Station 
near Idaho Falls, Idaho. The Stearns-Roger Mfg. Company, 
Denver, Colorado, is the architect-engineer on this project. A 
complete tabulation of the actual test data obtained on this pipe 
and to this specification is available upon request. 


U.S. Pipe is headquarters for metal mold centrifugally cast alloy 
and stainless steel pressure pipe over a wide range of special 
and standard analyses—in large and small quantities—and to 
individual specifications. 


If piping of the! type described above is the bottleneck in your 
nuclear power planning, write and outline the problem. 


SIZE RANGE 

AND COMPOSITION FLEXIBILITY 
Outside Diameter —6” to 50” 

Wall Thickness— %” and up 
Length—Up to 16’ 


Types of Stainless—All Standard AIS! and ACI grades 
of ferritic and austenitic stainless, including No. 20 
Alloy, 17-4 P H, 17-7 P H and E.L.C. grades. 


RZ ML, Disiion es) 





TYPICAL MOTION-TYPE TRANSMITTER 
MEASURING ELEMENTS 


For Flow and Liquid Level — 
Type 37 Mercuryless Dia- 
phragm Element. Ranges from 
20 to 200 inches water. 





For Pressure — Helical Ele- 
ments, with ranges from 0O- 
200 to 0-6000 psi. Ranges 
from 10 inches water to 80,- 
000 psi available with other 
Foxboro pressure elements. 


INDICATING TRANSMITTER 
For Temperature—Helical Ele- 


ments, for liquid filled, vepor Electronic Transmitter measures flow, pressure, tempera- 

pressure, and gas filled ther- ture, level, and cther variables. Provides local measure- 

mal systems ment indication directly from the primary element — com- 
pletely independent of electrical components and power 
supply. Transmitter uses any standard Foxboro measur- 
ing element. No tubes — solid-state components used 
throughout. 





FOXBORO Electronic 


REG. U.S. PAT. OFF. 





COMPLETE LINE OF RECEIVING INSTRUMENTS 


Electronic Consotro! housing design permits unequalled 
flexibility in panel arrangement. Recorders and controllers 
can be enclosed in a 6” x 9” compound unit, as shown at 
left, or can be mounted separately — recorder in compact 
6” x 6” case; controller in one slim 3” x 6” case. Regard- 
less of mounting, controller operation is entirely inde- 
pendent of recorder, and both units pull out separately. 





Electronic Consotro! Instrumentation also includes a full 
line of computing stations, valve actuators, ratio and cas- 
cade control systems, and alarms. 








COMBINED RECORDER-CONTROLLER 





for the 
first time... 


the 100% solid state 
electronic system! 


= thermocouple and resistance bulb converters—using magnetic amplifiers 
= choice of force-balance and indicating transmitters 
= long time-constant tubeless controllers 


Consotrol Instrumentation 


Electronic Consotrol* Instrumentation — the most complete and advanced family of electronic-oper- 
ated measurement and control instruments available today! That just begins to describe Foxboro's 
dramatic new advance in instrumentation. 7 7 7 Foxboro electronic transmitters, indicators, re- 
corders, control stations, computing stations, valve actuators and other final operators cover every 
function in the control loop. All are linked by a d.c. current signal. All are completely tubeless. Even 
thermocouple and resistance-type systems no longer require vacuum tubes. 7 7 7 Electronic Con- 
sotrol systems convert temperature, pressure, flow, level measurement, etc., to a proportional signal 
at the transmitter. Transmission to a remote control station is instantaneous — using an electronic 
motion-type or force-balance transmitter. Designs are available for both hazardous and non- 
hazardous areas. 7 7 7 Electronic Consotro!l Instrumentation heralds a whole new era in control 
engineering. Write Foxboro today for the new 32-page Catalog 21-10 which gives full details. 
The Foxboro Company, 623 Neponset Ave., Foxboro, Mass., U.S.A. *Reg. U.S. Pat. Off 








A Fast, Stable 
Pulse Fieigonht 
Analyzer 


FROG SES 


* - a 


Full size view of one 
channel showing 
register and 

two decades 


How Fast? 


* Double pulse resolution better than 0.5 microseconds 


* Dead time less than 0.1 microseconds 


+ Average counting rates greater than 10° counts per 
second without baseline distortion or use of 
temporary storage 


Now in production, with 30 day delivery, the 


4100 is priced at $8950 f.0.b. Berkeley, Cali- q 
fornia. Shown with optional LA-600 Linear Ow J 
Amplifier and optional High Voltage 


Power Supply PS-530 * Channel width less than 1% drift per week 


* Baseline less than 0.1% shift per week 
BRIEF SPECIFICATIONS 


NUMBER OF CHANNELS 20 * Channel triggering level unaffected by changes 
CHANNEL WIDTH — 1.0V NOMINAL in input pulse width 
SCALER CAPACITY 106 COUNTS/CHANNEL 

WINDOW AMPLIFIER INPUT 20¥ NOMINAL 


WINDOW POSITION RANGE 5-105V For complete details, call your nearby Eldorado Engineering 


representative or write Dept. N-3 


See the 4100 at 
Booth 811, Atom Fair, 


oman 
Cleveland, Eldorado Jlectronics 
April 5-10 


2821 TENTH STREET - BERKELEY 10, CALIFORNIA 
Phone THornwall 1-4613 
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key words in solving production puzzles: 
Allegheny for Stainless; Ryerson for Service 





If one of your toughest production puzzles is getting top 
quality stainless steel when you need it, check in now with 
the Allegheny-Ryerson combination. 

Allegheny Ludlum is the leading producer of stainless 
steels in all forms. And Ryerson, long recognized as the 
largest and best steel service center, carries Allegheny 
Stainless. This unbeatable team brings you the best quality 
stainless quick, when you need it. 

Ryerson now stocks 2,351 shapes, sizes, finishes and 
alloys of Allegheny Stainless . . . the most complete line 


ALLEGHENY 


for warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 
EVERY HELP IN USING IT 


EVERY FORM OF STAINLESS .. 
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of stainless anywhere! And Ryerson relieves you of the 
inventory cost, gives you as quick service as your Own 
stockroom. 

Whether your order is for Allegheny Stainless sheet, 
plates, bars or whatever, Ryerson stocks it. Trained sales- 
men and technicians to help in selecting or in fabricating 
are at your service. 

Call Ryerson, for top quality Allegheny Stainless from 
warehouse stocks. Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 


LUDLUM dy 


wew 7124 





HEAVY 
WATER 
SPECIALISTS 


Pawling research reactor 


el FIRST... 


in the U. S. AEC Demon 
stration Program with a 
heavy water reactor, The 
Sodium Deuterium Re- 
actor is now being devel 
re} of -te Met Mei oli lelmiel ai lelael— 
high temperature NAT- 
URAL URANIUM power 


plants 


to build its own privately 
financed heavy water re- 
search reactor. The Pawling 
Research Reactor is a nu- 
e of the U. §. AEC to % clear prototype for the 
Teaching and Research 


ate with Sargent & 


ndy the future of heavy Reactor, a low cost, high 


power: reactors. and ellen micelle miclM@ellmitelail 


jet on with designing the ae 1 F : ing and research. 
best mid-1960's plant. Re- —# - = 

port Due April 1, 1959. cle rs 

 # & 


NDA administrative, research and development headquarters 


a complete reactor company 
NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


5 NEW STREET, WHITE PLAINS, N.Y. TEL. WH. 88-5800 
NDA EUROPE 31, Rue du Marais, Brussels, Belgium 
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ORUR EDRCR 


of Key Developments in Atomic Energy 


AEC Backs 8 New Reactors, Cuts Down 2 Others 


AEC this month presented to Congress a 1960 reactor program em- 
bracing eight new projects—including the controversial Philadelphia 
Electric gas reactor—and calling for de-emphasis of two sodium reac- 
tors sponsored by public-power interests: Hallam, Neb., to be delayed, 


and Chugach, Alaska, now can- 
celled. The program’s highlights: 

® AEC has accepted, as a basis 
for contract negotiation, the high- 
temperature, gas-cooled reactor pro- 
posal of Philadelphia Electric and 
General Dynamics (NU, Dec. °58, 
17). AEC wants authorization for 
the contract from the Joint Commit- 
tee on Atomic Energy, and enough 
funds to support a research-and-de- 
velopment program during fiscal ’60. 

® AEC will get a construction 
start on a graphite-moderated, gas- 
cooled reactor experiment based on 
the design of Kaiser Engineers and 
ACF Industries (NU, Aug. '58, 
118). Construction schedule calls 
for operation by late "62 of a 50-80 
Mw(th) reactor with exit gas of 


AEC’s 10-year reactor program 
denounced by JCAE; see page 28 


1000-2000° F—at an AEC site. 
It will have only enough electrical 
generating capacity “to explore 
problems” of station operation. 

® AEC will begin design of a sec- 
ond sodium-reactor experiment of 
40 Mw(th), and will ask Consum- 
ers Public Power District, Neb., to 
delay construction of its Hallam re- 
actor wey - development of new 
technology from SRE-II. The so- 
dium-cooled, heavy-water-moderated 
project of Chugach Electric Assn. 
and Nuclear Development Corp. of 
America has been cancelled. 

® Boiling Water Reactor Experi- 
ment 5 (Borax 5) rated at 40 
Mw(th) will be built at the Na- 
tional Reactor Testing Station start- 
ing in June of this year, for comple- 
tion in June 60 (NU, Jan. ’59, 27). 
AEC plans a construction start—on 
its own or under a cooperative ar- 
rangement—on an advanced boil- 
ing-water reactor of undetermined 
power level. Design objectives in- 
clude high power density, core 
using ceramic fuel elements, fuel ir- 
radiation of 12-15,000 megawatt 
days/ton, simplicity of design, and 
ease of operation. 

® AEC will proceed, in coopera- 
tion with the City of Piqua, Ohio, 
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with construction of the a ae 
organic-moderated reactor designed 
by Atomics International; the plant 
will go up at a new site (NU, 
Dec. ‘58, 25). AEC will also get 
a construction start a second or- 





AEC’s New Reactors 

In Fiscal-’60 Budget 

Phila. Electric Co——HTRDA 
ACF-Kaiser gas-cooled 

OMRE-2 

Advanced Boiling water prototype 
Borax-5 

Process Heat proto’ 

SRE-2 (design study 

Possibly 20-Mw(e) power prototype 











ganic-moderated reactor riment 
(OMRE 2) in the 20-40 (Mw/(th) 
range; project aims include plant- 
design improvement, fuel-element 
testing, and nucleate boiling in the 
coolant. 

@ AEC will get a construction 
start—on its own or under a coop- 
erative arrangement—on a_ small 
power reactor of 20 Mw(e) of a 
type “for use by utilities, including 


municipalities, and Ss export 
market—probabl ing water. 
The entire qua ouates picture is 
being reviewed by Argonne Na- 
i Laboratory. 

@ AEC will get a construction 
start—singly or jointly—on a proc- 
ess-heat reactor of undetermined 
design; the plant selected may be 
one suitable for the Interior Dept.’s 
saline-water program (NU, Jan. 59, 
27). 


$85-Million Sought 

In its authorization bill for fiscal 
’60, presented to Congress on the 
opening day of the 202 hearings 
(see page 27), AEC has asked 
JCAE approval of ~ six of the 
eight new proj in the program. 
These six ary take $72 million: 
$14.5 for the Philadelphia project; 
$30-million for the ACF —Kaiser- 
type; and $30-million for the ad- 
vanced BWR, OMRE-2 and the 
small and process-heat reactor. 
Another $10-million is sought as fol- 
lows: $5-million for the ——— 
rogram (unspecified); $2.5-million 
for a military, portable gas-cooled 
reactor; $1-million for modification 
of EBWR; and $2-million for modi- 
fication of the Materials Testing and 
Engineering Test Reactors at the 
National Reactor Testing Station. 

The entire authorization bill, nor- 
mally introduced in the House and 
Senate immediately after its receipt 





1—Rate of Increase in AEC Budget Still Slowing 





Program 


1958 Actual 


19589 Estimate 1960 Estimate 





Raw materials 

Special nuclear materials 

Weapons 

Reactor development 

Physical research 

Biology and medicine 

Training, education and 
information 

Isotopes development 

Community 

Program direction and 
piptiaetion 

Security investigations 

Other costs 

Adjustment to prior year costs 


$598,552,988 
567,686,083 
433,279,206 
308,961,635 
90,585,536 
35,338,070 


15,453,864 
44,104 
17,675,265 


45,945,700 
7,595,731 
6,470,007 
2,030,985 


$696,947,000 
561,000,000 
541,770,000 
372,570,000 
128,870,000 
43,242,000 


15,548,000 
3,000,000 
16,792,000 


49,803,000 
7,506,000 
5,585,000 


$739,600,000 
581,000,000 
517,000,000 
393,215,000 
151,480,000 
49,000,000 


14,800,000 
6,100,000 
15,666,000 


52,000,000 
7,390,000 
5,673,000 





Total program costs 
Revenues applied (—) 


2,129,619,174 
—32,729,044 





2,442,633,000 
—27,720,000 


2,532,924,000 
—31,415,000 





Net program costs 


2,096,890,130 





2,414,913,000 2,501,509,000 
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R O U Wie 


by JCAE, ran into a delaying action 
by the JCAE leadership. It was 
expected to go into the legislative 
hopper late in February after the 
Democrats had decided whether to 
offer their version of a construction 
rogram at the same time. 
. AEC’s authorization bill, it is un- 
derstood, also asks $65.6-million for 
improvements and additions to ex- 
isting production plants and for 
other weapons-type facilities; $18- 
million for research facilities in the 
hysical, biological and medical 
ds, including a new large re- 
search reactor; $3—4 million for fa- 
cilities for the isotope development 
program; $3.6-million for other 
projects under support-type pro- 
grams; and $18.8-million for the 
military-destroyer and civilian-reac- 
tor-experiment programs. 

Of the $18.8-million, $13-million 
will go for the destroyer prototype 
at West Milton, N. Y. $5.8-million 
will go for modifications to SRE-I 
(including a new core) and the Ex- 

imental Boiling Water Reactor 
(EBWR). Output of EBWR will 
be increased to 100 Mw(th) by De- 
cember this year via addition of fuel 
spikes and a heat sink. 


Operating Budget 

AEC’s rating-money request 
for °60 totals $2.533-billion, as 
against $2.442-billion in the current 
fiscal year. For reactor develop- 
ment, operating costs are estimated 
to increase from $372.6-million in 
59 to $393.2-million in 1960, in- 
cluding both military and civilian 
programs. 

controlled-thermonuclear- 
power program (which is shifted in 
the budget from reactor develop- 
ment to research) is tagged for $38- 
million operating money in fiscal 
1960—the same as 1959. 

Project Plowshare is budgeted for 
$7.5-million in 1959. 

The total of $156,495,000 for the 
civilian power reactor program breaks 
down into Euratom Aw three other 
categories: government program 
($89.1-million) , cooperative arrange- 
ments program ($16,495,000), and 
, mer supporting reactor research- 

velopment program ($50.9-mil- 
lion). 
follows: 


These in turn break down as 


Government Program 

Pressurized water—continue oper- 
ation of PWR at Shippingport. No 
major changes planned. Cost: ~ 
$20-million. 

Boiling water— ~ $8.5-million in 
research and development at Ar- 
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2—Reactor Development Costs Slightly Higher 





Category 


1958 Actual 


1959 Estimate 1960 Estimate 





Acquisition and Construction Costs 


$100,866,621 


Operating Expenses 

Civilian power reactors 
Government program 
Cooperative arrangements 


program 7,234,447 


Euratom program 


Su g R & D program 30,297,791 
rienllion dip propulsion 
reactors 


1,545,862 
5,377,388 
90,195,816 
62,221,581 
12,054,706 
3,437,113 


Army ene te reactors 
Naval propulsion reactors 
Aircraft propulsion reactors 
Missile reactors 
Satellite power sources 
Operational services and 
equipment 
Total, reactor 
development 


$ 71,911,480 


24,685,451 


308,961,635 


$210,516,286 $18,800,000° 


$ 88,640,000 $ 89,100,000 
16,495,000 
1,000,000 
50,900,000 


17,473,000 
2,000,000 
40,288,000 


4,500,000 
8,000,000 
90,875,000 
68,540,000 
22,865,000 
7,035,000 


5,990,000 
11,000,000 
93,000,000 
68,700,000 
25,900,000 
12,100,000 


22,354,000 19,030,000 


372,570,000 393,215,000 


* New obligation authority anticipated after Congressional consideration of the Commission’s 


request for authorization of additional app 


priations for construction includes 


.4-million for 


facilities related to reactor development inclu two army power reactors, modifications for two 
test reactors, and test facilities for missile propulsion. 
ts shown for Euratom are for research and development under the joint pi with 


Euratom for which $3-million 


was appropriated in 1959. 


pon authorization by the ress of 





additional ropriations for 


supplemental appropriation of $23.5- 


Pp prog » & 
million is anticipated. Of this amount, $8-million would be shown as reactor development program 


costs in 1960. 





gonne, with emphasis on nuclear 
superheat, higher pressures, etc. 

Plutonium recycle—continue re- 
search and development in support 
of the plutonium recycle reactor, ex- 
pected to be completed by mid- 
1960. Cost $5-million. 

Heavy water—research and de- 
velopment in support of heavy-water- 
components reactor now under con- 
struction. Cost: ~$5-million. 

Fluid fuels— ~$11-million. This 
is an obvious reduction from fiscal 
1958 figure of $26-million, which 
included $9-million for LMFR, $12- 
million for homogeneous, and ~$3- 
million for fused salt. Action on 
this concept in 1960 depends on the 
outcome of a study now being made 
by the fluid-fuels task force (NU, 
Jan. 59, 24) which is expected to 
report in late February. 

Fast-breeder—~$10-million will go 
mostly to finish the EBR-2 in 1960. 

Sodium graphite—$10.5-11-mil- 
lion in support of SRE-1 modifi-e- 
tion and design on SRE-2. 

Organic moderated—$6-million in 
support of OMRE-1 and OMRE-2. 
Also, Westinghouse’s fluidized-bed 
concept is under study and could 
become a part of the program. 

Gas-cooled—$12-13-million in 
support of the ACF-Kaiser modifica- 
tion, though the over-all total may 
be affected by AEC’s approval of 
the Philadelphia Electric project. 


General Supporting Program 

This category is what was formerly 
known as Engineering Development. 
It involves work applicable to re- 
actor problems generally. For 1960, 
the breakdown of the $50.9-million 
total for this category includes $13- 
million for the fuel cycle (up from 
1959), $6-million for spent fuel 
processing, $4.5-million for waste 
disposal, $9.7-million for reactor 
safety and $17.7-million for reactor 
system research and development. 

Main emphasis here, as last year, 
is on fuel-cycle improvement, and 
much of these funds will go to pay 
for work done as a result of the 
fuel-cycle proposals received from 
industry in the past months (NU, 
Jan. ’59, 25). 

As the President pointed out in 
his mid-January budget message, 
AEC’s total expenditures in fiscal 
"60 are expected to reach an all- 
time high of $2.7-billion. JCAE 
Democrats, however, made it clear 
before the 202 hearings got very far 
that they were dissatisfied with the 
increase in the civilian portion of 
AEC’s budget and the Aircraft Nu- 
clear Program as well (see page 
20). Thus, once again, the stage 
is set for a JCAE—Administration 
struggle over an increase in AEC’s 
budget—JCAE trying to boost it, 
AEC and/or the Budget Bureau try- 
ing to hold the line. 
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Ship Aid Program Sunk; 
Plan First Private A-Ship 

The Administration has apparently 
torpedoed the Nuclear Ship - 
ative Program for federal aid to shi 
operators in defraying the cost dif. 
ferential between adding conven- 
tional and nuclear tonnage (NU, 
June °58, 20). 

This became clear when it was 
learned last month that Commerce 
Secretary Lewis L. Strauss wrote to 
Rep. Herbert C. Bonner (D-N. C.), 
chairman of the House Merchant 
Marine Committee, that “ . . . the 
government should devote its prin- 
cipal energies to prototypes and de- 
pend on private industry to exploit 
and adapt proven nuclear concepts 
to later vessels. We believe the 
government’s role will be eclipsed 
when sufficient progress has — 
made to warrant the investment of 
private capital in such vessels . . . 
It is planned to approach the appli- 
cation of nuclear power to merchant 
ships in a planne a pro- 
gram based upon developmental 
progress.” 

The Strauss letter was in reply to 
an inquiry from Bonner asking 
Strausss “recommendations for a 
long-range program looking toward 
the orderly development of an eco- 
nomic and efficient nuclear merchant 
marine.” 

Meanwhile the first firm proposal 
by a private ship operator to build 
a nuclear merchant ship for a com- 
mercial trade-route was disclosed at 
the 202 hearings before JCAE. 
Isbrandtsen Co., a major U. S. cargo 
carrier, together with Ford Instru- 
ment Co. and the Maryland Ship- 
building and Drydock Co., has been 
working on a gas-cooled reactor for 
a 32,000-ton tanker. Their plan is 
to avoid the costly land-b; proto- 
type stage by building the reactor 
in a separate hull-section, testing it 
at a suitable location, then inserting 
the reactor hull-section into an ex- 
isting conventionally-powered tanker 
using the now-common “jumboiz- 
ing” — for lengthening tank- 
ers. The ship would retain its con- 
ventional boiler for emergency take- 
home power, yet increase cargo-oil 
capacity. The helium-cooled reac- 
tor, using largely conventional com- 
ponents, would operate at ~950° F, 
provide superheated steam at mod- 
ern conditions: 640 psia, 850° F. 
The group plans to continue devel- 
opment work with its own funds for 
a year, but frankly told JCAE that 
it can build the ship reactor only if 
federal financial aid is forthcoming. 
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On the Nuclear Waterfront 

Other developments of the month: 

* Westinghouse has concluded ne- 
gotiation of a contract with Rolls- 
rr tne Ltd. for supplying an SSW 
(Skipjack-type) reactor for the Brit- 
ish Navy (NU, Aug. ’58, 19). 

* Atomics [International’s long 
work on organic moderated reactors 
for shipboard use has borne fruit: 
Interatom, joint subsidiary of AI and 
the German firm Demag, has 
signed an agreement with the Asso- 
ciation for Nuclear Energy Use in 


Shipbuilding and Shipping of Ham- 
burg for “joint weathers preparations 
for construction of a commercial 
ship propelled by an organic-mod- 
pa reactor.” 

* The Russian icebreaker Lenin is 
successfully completing its dockside 
tests of reactors and machinery. 

*The world’s first missile-firing 
nuclear submarine, Halibut, at 4,900 
tons second only to Triton in size 
among undersea craft, was launched 
at Mare Island Naval Shipyard 
Jan. 9. It will fire the Regulus-I. 





McCune in New Post, Replaced by Fink in GE Shake-up; 
KAPL Put in Turbine Division; A-C Sets Up A-Group 


Reorganization was the word of 
the month in the nuclear — 
as General Electric drastically shoo 
up its nuclear framework, and Allis- 
Chalmers formed a separate nuclear 
group. 

The sweeping changes at Gen- 
eral Electric saw: 

@ Francis McCune relieved as 
general manager of Atomic Prod- 
ucts division and assigned to a new 
office, Atomic Business Develop- 
ment, created in GE’s Marketing 
Services to “help prepare the Com- 
pany for an anticipated — in 
commercial atomic energy business.” 

@ Lyman R. Fink, general man- 
ager of GE’s X-Ray department in 
Milwaukee, named A succeed Mc- 
Cune as general manager, Atomic 
Products. 

© Knolls Atomic Power Labora- 
tory taken out of the Atomic Prod- 
ucts division and placed under the 
Turbine division headed by William 
S. Ginn. 

© Frederick E. Crever, manager 
of KAPL, reassigned to be consult- 
ing engineer to Fink. 

®@ Bascom H. Caldwell named to 
succeed Crever as KAPL head. 

What had the industry buzzing 
last month was: why? GE’s ex- 
planation was that Vice-president 
McCune, its top atomic man, had 
too heavy a burden of administra- 
tive routine to carry to be able to 
a adequate effort to nuclear mar- 

eting and sales promotion, domes- 

tically and abroad. The move was 
pictured as an organizational coun- 
terpart to the technical success of 
the GE boiling water system and an 
attempt to exploit further its sales 
triumphs at Humboldt Bay, Calif., 
SENN in Italy and RWE in Ger- 
many (NU, Nov. ’58, 20)—not to 
mention the need of keeping the ex- 
tensive nuclear facilities and staffs 
at San Jose busy. 


McCune will devote full time to 
promoting the development of GE’s 
position in commercial atomic en- 
ergy, a company-wide interest. He 
will not be a salesman in any sense, 
he told nucteonics, but will be 
concerned with the philosophy of 
what one has to do to get an ade- 
quate product to the market, to 
build a market, or to remove any 
and all impediments on the way to 
the market. 

Fink will report directly to 
Cramer V. LaPierre, vice president 
in charge of the Electronic, Atomic 
and Defense Systems Group, as Mc- 
Cune had formerly done. With GE 
since graduation from college in 
1937, Fink became manager of GE’s 
Syracuse Electronics Lab in 1948, 
manager of engineering of the 
Radio-TV Dept. in 1949, and man- 
ager of the Research Applications 
Dept. of Schenectady Lab in 1955. 

The KAPL switch was explained 
by GE as intended “to achieve 
greater efficiency by correlating the 
activities of the Company in the 
field of naval propulsion.” In- 
formed guesses in the industry had 
it that the move constituted a meet- 
ing of demands by Vice Admiral 
H. G. Rickover for organizational 
changes in return for a greater share 
in the naval reactors program. 


Change at A-C 

Meanwhile Allis-Chalmers formed 
a Nuclear Power department within 
its recently-renamed Atomic Energy 
division, and named C. R. Braun 
manager. Braun has been on leave 
of absence since April 1957, serving 
as assistant director of reactor engi- 
neering at Argonne National La 
oratory and playing a key role in 
developing ALPR—the Argonne 
Low Power Reactor. He previously 
had been manager of A-C’s nuclear 
power section since 1953. 
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Nuclear Plane Effort Floundering; Lack of Funds Hurts 


After 12 years of effort and the expenditure of almost $850-million, 
the government's program to develop a nuclear-powered airplane is se- 


riously floundering. 


The 1964 target date for the first flight of a prototype nuclear-pow- 


ered plane has been scrapped. 
A new timetable has not been 
firmly established for the Aircraft 
Nuclear Propulsion (ANP) project. 

The Eisenhower Administration 
has turned down Air Force and AEC 
recommendations for a substantial 
increase in project operations. The 
new budget continues the program 
for another year at the current an- 
nual spending level of close to $100- 
million. As Sen. Clinton P. Ander- 
son (D-N. M.), chairman of the 
Joint Congressional Committee on 
Atomic Energy, and other critics see 
it, first flight of a nuclear plane will 
not be achieved now “until well into 
the 1970's.” 

The plan to conduct ground tests 
on a prototype ANP system has been 
delayed at least one year as a result 
of the latest budget decision. 


Skepticism in Washington 


Behind these developments is the 
fact that there is still considerable 
skepticism over ANP’s potential 
among age Administration lead- 
ers—notably, AEC Commissioner W. 
F. Libby, Defense Secretary Neil H. 
McElroy, and James R. Killian, Jr., 
the President’s special assistant for 
science and technology. 

In part, the skepticism stems from 
the technological problems that have 
plagued the program. The doubts, 
of course, dovetail with the Adminis- 
tration’s fiscal policies—the firm in- 
tent to hold the line on federal 
spending, to trim the budget deficit, 
and thus to offset the inflationary 
threat. Indeed, many officials charge 
that budget restrictions have spawned 
the technological problems. Says 
one Air Force official: “Fund limita- 
tions and the continual variations in 
our budget have compounded the 
technical uncertainties. If we could 
only depend on having a definite 
sum of money over the next few 
years, we could set more meaningful 
target dates and other plans.” 

In the fiscal 1960 budget sent to 
Congress in January, President Eisen- 
hower said development of a nuclear 

wer plant for military aircraft will 

continue at about the same level as 
in 1959.” 

“Until such a power plant is 
successfully developed, and the tech- 
nical problems involved in operating 





a nuclear-powered aircraft safely are 
solved, there is no practical military 
value in attempting to build the air- 
plane itself,” the President stated. 
“It is the judgment of my scientific 
advisers, which I approve, that the 
pace of this program should con- 
tinue to be geared to valid technical 
considerations.” 

AEC’s new budget earmarks $68.7- 
million for aircraft propulsion re- 
actors, $200,000 more than this year; 
$25.9-million for missile-propulsion 
reactors, $3-million more than this 
year; and $19-million for satellite 
power sources (Project SNAP), $3.3- 
million less than this year. Addi- 
tional sums—u ified in the fed- 
eral budget—will be provided for 
the three programs by be Air Force 
and the National Aeronautics and 
Space Administration. Pentagon offi- 
cials say additional Air Force funds 
for ANP and nuclear ramjets for 
missile propulsion (Project Pluto) 
bring the total budget to about $150- 
million. 

NASA is setting aside additional 
funds for nuclear rockets for missile 
propulsion (Project Rover). The 
new civilian agency has assumed the 
Air Force’s former support role in 
this project. 


Navy Effort Phased Out 


The Navy, which this year ear- 
marked $21-million for ANP, will 
wer eg little if any additional funds 
or the program in fiscal 1960. 

During 1946-55, AEC, the Air 
Force and the Navy spent a total of 
$185.1-million on ‘he ANP program. 
Spending added up to $129.8-mil- 
lion; in fiscal 1956 alone rose to 
$180.8-million in fiscal 1957, then 
to $196.3-million in fiscal 1958. In 
the current fiscal year, which ends 
June 30, the budget dropped to 
$145.6-million. 

In March 1958, Deputy Defense 
Secretary Donald A. Quarles told the 
House Defense Appropriations sub- 
committee that he expects the total 
Defense Dept.-AEC budget for 
atomic-powered craft to run at 
about $150-million annually for the 
next few years. This was a cut 
from earlier plans to spend about 
$250-million annually on the pro- 
gram. The reduction, he said, “re- 


sulted from a decision to deempha- 
size the aircraft and weapon-system 
aspect of development and to place 
primary emphasis on the research 
and fundamental development prob- 
lems involved in advancing the 
atomic reactor art as applied to air- 
craft propulsion.” 

This January, Defense Secretary 
McElroy explained the budget hold- 
down this way: “Our position is the 
same as it was a year ago.... 
which is that there are very, very 
large — still remaining in this 
area if you are to produce a system 
of propulsion which will give you a 
real military plane capability as dis- 
tinct from a slow, meandering kind 
of aircraft speed. 

“The at, ar of course, are in 
the weight-to-thrust ratio of the re- 
actor and the turbine and the addi- 
tional complication of the required 
shielding. Our program is to limit 
ourselves to the reactor and the pro- 
pulsion system, and we are not put- 
ting funds against the aircraft itself 
until we have better understanding 
of what we can do with the reactor.” 


Price Denunciation 

Rep. Melvin Price (D-IIl.), chair- 
man of JCAE’s Research and De- 
velopment subcommittee, denounces 
the Administration’s failure to set a 
firm first-flight target date and the 
decision to continue ANP spending 
at present levels. 

Rep. Price told Nucteonics that 
research-and-development _ projects 
such as the nuclear plane require 
“expenditures on an escalator basis” 
—that for maximum effort, spending 
should be accelerated “the closer 
you get to a finished product.” He 
said the addition of only $100-mil- 
lion a year to ANP’s budget for the 
next four years “would in the long 
run save money.” 

Price says the first goal should be 
to fly a nuclear-powered plane—“no 
matter how substandard it is.” 
From that point, further = 
of aircraft nuclear propulsion can 
be achieved, he argues. “Any plane 
you put in the air to test nuclear 
propulsion won't be useless.” 

“I know of no other development 
where they seek perfection in the 
first product,” the Illinois Congress- 
man observes. He contends the 
program could be effectively speeded 
up with additional funds, higher 
priorities, and greater authority for 
Maj. Gen. Donald J. Keirn, who 
bosses ANP wearing two hats as the 
Air Force’s Assistant Deputy Chief 
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of Staff (Development) for Nuclear 
Systems and as the chief of AEC’s 
Aircraft Reactors Branch. 


No Spare on Hand 

Price cites this example of low 
priority for the ANP program and 
the resulting delays in operation: 

Last fall the HTRE-S3 reactor core 
melted at AEC’s reactor test station 
in Idaho (NU, Jan. ’59, 24), where 
ground tests were being held to op- 
erate an airplane jet engine from 
power produced by a nuclear re- 
actor. The result was a delay of 
several months in testing while the 
core was rebuilt. 

Such a delay is unjustified, Price 
says. “There should be spare re- 
actor cores available for such acci- 
dents, as there always were for the 
Navy's ship reactor program.” 

Price also has some critical words 
for some Pentagon leaders. Says 
the Conger “Even though the 
military has established requirements 
for aircraft nuclear propulsion sys- 
tems, military officials have failed to 
set the highest priority for the pro- 
gram. They're too concerned ss 
immediate needs. They don’t see 
the nuclear plane right in their 


hands now. So they downgrade it. 
They would give the program a 
higher priority if the plane were in 


being today.” 
Projects Made to Compete 

Price’s remarks underscore one of 
the most serious problems facing 
Pentagon planners: that severe 
budget restrictions have forced them 
to pit ee projects in com- 
petition with one another—that 
limited funds have to be stretched 
among so many promising new 
weapon systems that longer-range 
projects such as ANP are held down. 

Even more significantly, ANP 
could be more economically and 
rapidly developed if the project 
could rely on a consistent Washing- 
ton policy. In the past several 
years, there have been at least three 
major policy decisions: first slowing 
the program, then accelerating the 
research-and-development schedule, 
then slowing it down once more by 
abolishing the WS-125 weapon- 
system project and a research 
and development essentially to the 
propulsion system. 

Much of this indecision reflects 
the controversy which has continu- 
ously surrounded the ANP program 
—bureaucratic squabbling over tech- 
nological approaches; whether the 
Air Force should have prime re- 
sponsibility for a nuclear-powered 
supersonic bomber or the Navy for 
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ANP Tempers Flare, Price Calls Open Hearing 


As this issue went to press, the ANP-priority pot in Washington was 
still boiling. 
® Sen. Anderson and Reps. Price and Durham charged, after closed-door 
briefings by top Pentagon leaders, that the $150-million/yr being spent 
on Aircraft Nuclear Propulsion is “ta holding operation to avoid difficult 
technical and administrative decisions.”’ 
* Deputy Defense Secretary Donald Quarles called a press conference 
to protest that JCAE criticism of the conduct of the ANP program was 
intemperate and does great injustice to the program. 
® Price retorted by calling for the first public hearings on ANP—early in 
March. He said if the Pentagon felt the criticism unwarranted, “the 
best course is to lay the facts out on the table in a public hearing and 
let the chips fall where they may.” For ten long years, he said, JCAE 
has been pressing Defense and AEC to get on with the job, while respect- 
ing their wish to keep hearings closed because the technical information 
presented was secret for national security reasons, ‘But if we are to be 
charged with misleading the public,” he continued, “‘it is high time the 
public be given the opportunity to hear the true facts and make its own 
judgment as to who has been misleading whom for the past decade. I 
believe the basic facts can now be discussed without danger to the 
national security. In fact, I think the national security will be well 
served by public discussion of the program ... ” 
® “It is possible to have a flying prototype in the air by summer or fall 
1962,”’ the Anderson-Price-Durham statement asserted; ‘“‘we believe the 
establishment of such a target date and provision of additional funding 
are fully justified.” 
® There is “‘no technical reason’? why the Air Force should not order 
construction of a nuclear-powered bomber “‘without further delay,” 
declared Col. Leonard Harmon (USAF, ret.), applications engineer at 
GE’s ANP department, thereby suggesting that a nuclear plane engine 


has been or is on the point of being successfully developed. 





a subsonic minelaying or patrol 
plane; the technical restrictions on 
testing; and, of course, the over-all 
budgetary furore. 

At present, General Electric is 
working on a direct-cycle propulsion 
system for both the Air Force and 
AEC, Pratt & Whitney holds only 
an AEC research-and-development 
contract for an indirect closed-cycle 
system; both Convair and Lockheed 
are conducting only limited design 
study work on the airframe (NU, 
Aug. 56, 74). 


Achievements Listed 

Gen. Keirn recently reported these 
technical milestones for the project: 
“We have operated turbojet engines 
in parallel from a common heat 
source. We have ground tested a 
turbojet engine on nuclear heat from 
a reactor. We have completed 47 
flights of a 7-Mw(th) reactor in a 
[B-36] nuclear test airplane outfitted 
with a complete crew shield [NU, 
Oct. ’56, R3]. This reactor was, of 
course, not used for propulsion. 

“We have nacdowd + - thousands 
of hours of irradiation testing of air- 
craft materials, components, and 
subsystems. We have made great 
progress in reactor design and de- 
velopment and in reactor and air- 
craft shield design and development; 
and we have experimentally verified 
many of our analytical techniques 


and materials parameters.” 


While the astronautical nuclear 
power projects being developed— 
nuclear rockets, ramjets and auxil- 
iary packages—have extremely long- 
range objectives, ANP fits right into 
shorter-range military planning. As 
Pentagon strategists see it, a nuclear- 
powered airplane would have a wide 
range of functions. 

The advent of unmanned ICBMs 
will obviously mean a major shift in 
the makeup of the U. S. nuclear 
striking force. Over the next dec- 
ade, piloted bombers will make up 
no more than half the total force. 
But some manned bombers will al- 
ways be needed for selected targets 
where human judgment is vital. 

And a nuclear-powered bomber— 
with its range limited only by the 
endurance of the crew-armed with 
airborne ballistic missiles—shapes up 
as an ideal aircraft. But the Air 
Force’s top echelon stresses that the 
plane must be capable of supersonic 
— And that’s the rub. ANP 

evelopment will not be pushed 

faster until supersonic speeds show 
up to be more easily attainable than 
now. 

Still, there are strategic require- 
ments for subsonic nuclear-powered 
aircraft in both the Air Force and 
Navy—as early-warning and recon- 
naissance planes, antisubmarine pa- 
trol craft, weather and rescue air- 
craft, naval minelaying o_ and 
as heavy transport aircraft. 
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‘Assistant Commissioners’—Anonymous Force at AEC 


Since the dawn of political organization, the personal aides of those 
in positions of leadership have gone quietly about the task of easing the 
burdens of their superiors—always sharing in the workload, sometimes 
sharing in the influence and seldom sharing in the publicity. How 


do the special assistants to the 
Atomic Energy Commissioners 

from or conform to this his- 
torical pattern? What influence do 
they have by virtue of their juxta- 
position to the men who run the 
AEC? 

With these questions in mind 
NUCLEONICS interviewed the “assist- 
ant commissioners”; Dwight Ink 
(chief of Chairman McCone’s staff), 
Calvin Potts (Libby), John Bodley 
(Libby and Vance), Ernest Trem- 
mell (Floberg), Neil Naiden (Gra- 
ham—until this month when he was 
named an AEC deputy general 
counsel), and Capt. John Morse 
(USN), who handles interdepart- 
mental activities for McCone and 
the Commission (the Cabinet, the 
National Security Council, etc.). 

As the most intimate subordinates 
of the men at the top these men 
stand in a position of potential in- 
fluence. The commissioners them- 
selves are charged, under the law, 
with making the decisions. But they 
must have help. They get it from 
the AEC staff and they get it from 
their personal aides. ‘The aides are 
asked to screen material for their 
bosses, they are asked for advice on 
policy matters, and they are some- 
times asked to speak for their bosses. 


Ink and McCone 

Dwight Ink, 36, a soft-spoken mid- 
westerner, moved into his job as chief 
aide to Chairman McCone shortly 
after McCone took office last summer; 
he has found the job “fascinating 
and tremendously interesting.” He 
has been particularly attracted by 
the opportunity to “see how the basic 
policy matters develop and how they 
are it with.” 

This is of special interest to Ink 
because by training he is a public 
administrator who has not had much 
opportunity to administrate. He 
majored in public administration at 
Iowa State College, earned a bache- 
lor-of-science degree in government, 
and took further government educa- 
tion at Ohio State Univ. and the 
Public Administration Center of the 
Univ. of Minnesota. Since leaving 
school he has been variously an assist- 
ant budget and personnel officer and 
assistant city manager at Fargo, 
N. D., director of a municipal water 





project at Bismarck, N. D., and a 
community-affairs officer in his first 
AEC job at Oak Ridge. 

In 19538, Ink moved to AEC’s 
Savannah River installation as chief 
of the reports and statistics branch 
and executive secretary of the man- 
agement review committee, helping 
the operations or with fiscal 
and managerial problems. Ink ar- 
rived in Washington in December, 
1955. He had moved up to three- 
way assistant for General Manager 
Fields and Deputy General Managers 
Cook and Hollingsworth (reporting 
to Hollingsworth) when he was as- 
signed to McCone. 

Ink’s last pre-McCone job as assist- 
ant to Fields, Cook and Hollings- 
worth probably gave him his best 
preparation for the McCone associa- 
tion; he was “something of a trouble- 
shooter” in attempting to resolve 
conflicts within the AEC staff that 
did not require top-level action— 
including differences of opinion on 
AEC programs. He also handled 
special assignments for the general 
manager and the Commission. 

As personal aide to the chairman 
of the five-man commission, he will 
inescapably find himself sounding out 
the other commissioners when an at- 
tempt at reconciliation of views is 
indicated. And, in the reverse line 
of communication, Ink will be asked 
to forward opinions to McCone. 

In addition, Ink has a long list of 
routine duties which in most cases 
are typical of an assistant’s respon- 
sibilities. They include: 

® Administration of McCone’s of- 
fice—his schedule, meetings, corre- 
spondence and visitors. 

® Liaison with members of Con- 
gress and the White House. 

© Recommendations on and screen- 
ing out of much of the material flow- 
ing into McCone’s office. 

® Attendance at discussions be- 
tween McCone and visitors, prima- 
rily to be aware of questions that 
may need further action as a result 
of the visit. 


Potts and Libby 

Calvin Potts, 52, a friend or asso- 
ciate of Dr. Willard Libby for more 
than 20 years, handles Libby's tech- 


nical staff work. A physical chemist, 
he matriculated at the Univ. of Cali- 
fornia at Los Angeles and Berkeley, 
taking his doctorate at Berkeley in 
1935. His career includes research 
work in the glass, chemical and oil 
industries and eight years at Los 
Alamos starting in .1948. 

For the first six months there he 
did chemical research work (“Los 
Alamos has always had a good core 
of fundamental research—they have 
a good, substantial, fundamental-re- 
search program and always have 
had”), then he shifted to the weap- 
ons program. In the summer of 
1956 he prepared to leave the Lab, 
feeling himself growing stale and 
due for a “sabbatical.” Instead, he 
was prevailed upon by Libby to 
come to Washington. For the fore- 
seeable future, his future “is pretty 
well tied to Dr. Libby’s.” 

As this comment indicates, Potts’ 
dedication to his commissioner ap- 
pears to be total. He describes his 
responsibility in Libby’s office quite 
simply: “My job here is to maintain 
a certain amount of detachment and 
see that the things Libby wants 
done go as smoothly as they can.” 

Potts is an evangelist for funda- 
mental research and gives one the 
impression he has a tendency to get 
excited about new scientific ideas. 
“There are many things which people 
can get me excited about,” he admits. 
“But the kind of job I have here can 
be extremely frustrating if you take 
things too seriously. So I think it’s 
necessary to maintain an air of de- 
tachment.” 


Bodley and Libby, Vance 

“If I had gone out and been able 
to choose my own ground I could 
not have done any better.” John 
Bodley, a gregarious lawyer of south- 
ern upbringing, thus enthuses on his 
gratification that chance has brought 
him to the offices of Commissioners 
Libby and Harold Vance (he works 
for both, giving most of his time to 
Libby). 

Bodley is a graduate of Vanderbilt 
Univ., where he took his law degree, 
and a military reserve lawyer in the 
Corps of the Army’s Judge Advocate 
General. When he was tapped by 
AEC from the Anti-Trust Div. of the 
Dept. of Justice, he was working on 
major litigation involving several 
West Coast oil companies. He came 
on to Washington as a special assist- 
ant to Vance and Libby for legal 


matters, although he devoted much 
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of his time until last fall on the AEC’s 
reconsideration of the construction 
permit issued to the Power Reactor 
Development Co. (NU, Jan. ’58, 23). 

“Our work [as assistants],” he 
feels, “is to coordinate staff informa- 
tion and other information. We 
have to help them make their deci- 
sions. ... In this position you 
have no authority but you have to 
do things in the name of the com- 
missioners for whom you work.” 

In this connection, Bodley thinks 
the assistants to the commissioners 
make a definite contribution to the 
work of their superiors (“Let me 
have your ideas on this paper” is a 
typical request). “Some people 
might think this is a thankless task 
because we are, in effect, nonenti- 
tites—what contribution we make to 
a problem is never known... .” 

Bodley is deeply impressed by the 
high caliber and dedication of the 
commissioners. “I often think,” he 
half jests, “that if you put the five 
of them out in industry together they 
would whale the hell out of the 
competition.” Bodley is 34. 


Tremmell and Floberg 

Ernest Tremmell, 42, the “veteran” 
of the assistants’ corps with 15 years 
of AEC work (but the “baby” of the 
corps as its newest member), could 
have been the model for the old 
saw that a personal aide is some- 
times pretty much like his boss; in 
this case, that means friendly, ex- 
cited about the potential of atomic 
energy and curious about everything 
that comes to his attention. He has 
been on the verge of leaving govern- 
ment service for private industry on 
several occasions since he first re- 
ported to the duPont Co. in 1943 
(duPont was building Hanford). 
But each time a new job offer came 
up and he “can’t resist a challenge.” 

Tremmell’s career includes five 


years in Los Angeles with the Cal- 
exico Engineering Works (wartime 
cover name given to an AEC pur- 
chasing operation for atomic-bomb 
components), 30 months in the 
Chicago Operations Office, three 
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years as deputy manager of the 
Lockland Area Office near Cincinnati 
(Aircraft Nuclear Program), and 
three years as manager of the Hart- 
ford Area Office, which he organ- 
ized. 
An important part of any assist- 
ant’s job, Tremmell reasons, is “to 
get the feel for the individual” for 
whom he works. This ay 
nar he indicates, in ae su 
tasks as the weeding out of papers 
—Tremmell goes through fil of 
those reaching Floberg’s office. 

Tremmell also has a hand in policy 
matters before his commissioner, dig- 
ging out information for Floberg and 
making comments on questions in 
which he has a competency. He 
emphasizes, however: “Here you 
have no authority or responsibility 
directly—it’s work. But you 
get a broad —_ of what is going 
on across the country in atomic 
energy.” 

Le Bodley, Tremmell has the 
greatest respect for the individual 
commissioners: specifically, the com- 
bination of drive, dedication and 
fairness they exhibit. 

“For example, I feel free at any 
time to go to any commissioner and 
question his action on a particular 
issue. . I've been impressed by 
the attitudes of the commissioners, 
their fairness and the terrific work- 
load they carry.” 


Naiden and Graham 

The commissioner who = 
to give his aide more responsibility 
than any other is John Graham. 
Possibly because Graham and Neil 
Naiden have been together for so 
long—first at the Treasury Dept., 
later in a Washington office, now at 
AEC—Naiden is much more of a 
partner to Graham than an assistant 
(“I have worked with him and for 
him a good many years,” Naiden 
observes). The two show a tend- 
ency to share the load of the office, 
— official actions can only 
come from Graham. 

Naiden got his start as a 
“stringer” for the United Press, In- 


Tremmell 


ternational News Services and sev- 
eral Iowa newspapers while an un- 
dergrad at the Univ. of Iowa, where 
he majored in pre-law and minored 
in science. ter taking his law 
de in 1941 he spent 7-8 months 
with the Treasury Dept., then entered 
the military as a private. He re- 
turned to the Treasury in 1946, 
spent two years in the general coun- 
sel’s office, five years in the office of 
the secretary and, in 1950, joined 
the then Assistant Secretary Graham 
as executive assistant. 

For one reason and another, 
Naiden’s long yearning for a private 
law practice been thwarted (ex- 
cept for a brief period before report- 
ing to AEC in 1956) but the yearn- 
ing is still there. He took his AEC 
post reluctantly (“All government 
agencies are too % and com- 
plicated”). Further, he complains 
that the men at the top in govern- 
ment are severely restricted in mak- 
ing creative contributions because of 
the demands on their time and energy 
just running their departments. 

“You can't come into a place of 
this sort and expect to do very much 
to it or with it... . The power of 
any commissioner's office is largel 
a veto power. Up from the staff 
and contractors comes a great mass 
of recommendations. ... You can’t 
really initiate much. If something 
comes up that you disagree with, 
the commissioner has the power to 
vote against it. In the rush of busi- 
ness, this is essentially all you can 
do.” 


Morse and McCone 
Capt. John H. Morse (USN) does 
a etal job for McCone and the 
Commission: he’s the “meeting man” 
charged with representing AEC on 
the many interdepartmental commit- 
tees (“about 10 meetings a week”). 
McCone, as chairman of AEC, is also 
a member of the Cabinet, the Na- 
tional Security Council, the Interde- 
ental Committee on Space, and 
other groups; for these, Morse meets 
with “second level” aides who do 
the staff work. 


Naiden 
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Six New Test Reactors 
Proposed for AEC Aid 


The overwhelming response of 
private industry last month to AEC’s 
offer to rent space in privately- 
owned test reactors (NU, Feb. ’59, 
26) has had the effect of creating a 
test-reactor counterpart of the Power 
Reactor Demonstration Program. 
AEC has been asked to give financial 
support to the sponsors of ten re- 
actors—six proposed, three already 
built and one committed for con- 
struction (an eleventh has been 
withdrawn—by Ford Instrument). 

The support program was mounted 
by AEC last fall after it had failed 
earlier in the year to get Budget 
Bureau approval of two test reactors 
for construction beginning this year. 
After the Budget Bureau turn-down 
on AEC-built reactors, AEC went to 
Congress for authority to encourage 
private construction of test reactors 
via long-term contract commitments 
for the rental of space. 

Congressional approval of this 
alternative late last summer gave 
AEC about $12-million in obliga- 
tional authority for the award of 
long-term contracts in support of 
new test-reactor construction. AEC 
was also given authority to enter 
into about $15-million worth of long- 
term space leases in privately-spon- 





New Faces of 1959—at JCAE 


Half the Republican members of the 
Joint Committee on Atomic Energy are 
new this yeor. They are: (top left) 
George D. Aiken, Senator from Ver- 
mont since 1940; (top right) Wallace 
F. Bennett, Senator from Utah since 
1950; (bottom left) William H. Bates, 
Representative from the Sixth district of 
Massachusetts since 1950; and (bot- 
tom right) Jack Westland, Representa- 
tive from the Second district of Wash- 
ington since 1952. They replace 
Senators Knowland and Bricker and 
Reps. Patterson and Jenkins. 

Later, Rep. Paul J. Kilday (D-Tex.), a 
member since 1949, resigned and was 
replaced by Albert Thomas (D-Tex.}. 
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sored power reactors. Space re- 
quirements not met under these 
long-term contracts, according to 
AEC officials, will be met out of 
AEC’s year-to-year operating budget. 

Thus, at this point, AEC has only 
$12-million in long-term contract 
authority for the encouragement of 
test-reactor construction. A survey 
of new-reactor sponsors by NUCLE- 
onics, however, has brought out 
that five of the six proposed will not 
be built unless sufficiently large AEC 
contracts are awarded and that the 
total projected capacity—325 Mw- 
(th)—would cost some $75-100- 
million to build and upwards of $10- 
to operate annually. 

ee of the ten reactors offered 
to AEC for space rental last month 
have gone ahead without AEC help 
—General Electric’s 30-Mw facility 
at Vallecitos, just completed; Curtiss 
Wright’s 1-Mw hea reactor, also 
completed; and Westinghouse’s 20- 
Mw reactor, which is scheduled for 
completion this year. A fourth re- 
actor offered to AEC is Texas A & 
M’s pool-type, which Convair is ex- 
pected to begin building this year. 

The six remaining proposals—all 
covering new projects and all but 
one dependent on AEC contracts: 

Aerojet-General Nucleonics. A 
pool-type facility rated at 10 Mw 
for which AGN has requested a con- 
struction permit from AEC. The 
company said it plans to proceed 
with construction if and when its 
permit is issued by AEC—regardless 
of AEC’s action on its proposal. 

Babcock & Wilcox. A 50-Mw, 
variable-power reactor for proposed 
construction at the company’s nu- 
clear center near Lynchburg, Va. 

Industrial Testing Reactors, Inc. 
A redesigned version of the 50-Mw 
reactor announced earlier by ITR 
(NU, May ’58, 26) at an estimated 
cost of $12-million. 

Purdue Univ. A three-core re- 
actor of Internuclear Corp. design, 
delivering a total of 15 Mw. The 
facility would be built at a site 15 
mi from the school’s campus at a 
cost of about $7-million. 

Republic Aviation and Allis-Chal- 
mers. A 100-Mw reactor of poten- 
tial expansion to a considerably 
higher output. Republic and Allis- 
Chalmers are looking for a third 
partner but, in any case, plan to set 
up a separate corporation to build 
and operate the facility. 

ACF-Kaiser Engineers-Lockheed- 
Phillips. A reactor of power output 
comparable to the Republic/Allis- 
Chalmers project—100-110 Mw in- 
itially, expandable to 175-200 Mw. 





Libby Quits AEC 

AEC Commissioner Willard F. 
Libby will leave the Commission 
about July 1 to return to teaching 
and research work. The Commis- 
sion’s only scientific member, he 
will have served three years of his 
five-year term and a total of almost 
five years when he quits this sum- 
mer; he was originally appointed in 
1954 to fill the unexpired term of 
Henry D. Smyth of Princeton Univ. 











Ken Davis Optimistic 
On Boiling, Organic, Gas 

“What types of reactors will be 
economic? . . . It seems likely that 
of the types in prominence now, one 
can say with some assurance that 
the boiling-water, organic-cooled 
and high-temperature gas-cooled re- 
actors will probably be economic.” 

So said W. Kenneth Davis, until 
last summer AEC’s reactor develop- 
ment chief and now a vice-president 
of Bechtel Corp., addressing the 
First International Symposium on 
Nuclear Fuel Elements. The sym- 
posium, co-sponsored by Columbia 
University and Sylvania-Corning Nu- 
clear Corp., attracted over 450 nu- 
clear fuel specialists, including 68 
from 21 foreign countries, to New 
York for the two-day session. 

Davis also indicated his view that 
heavy-water reactors, breeders and 
nuclear superheating, while . " 
tant, have been overemphasized of 
late. 


Martin Developing Small 
Strontium Power Packs 
The long-sought solution to the 


strontium-90 problem—finding a 
beneficial use for the troublesome 
fission product—may be in sight. 
Martin Co. is working, under AEC 
contract, on a strontium generator 
using the same principle—thermo- 
electric conversion—as the polonium- 
fueled SNAP-3 unveiled in January 
(NU, Feb. ’59, 30). 

The 100-watt generator is being 
designed to operate for almost a 
decade without servicing or refuel- 
ing. It would probably use more 
than 200,000 curies of Sr” and 
would be about the size of a kettle- 
drum. Martin estimates that by 
1975, the strontium from the waste 
products of the nation’s nuclear in- 
dustry would be enough to supply 
50 Mw(th), or 2.5 Mw(e). 

Martin has been working so far 
with nonradioactive strontium in ef- 
forts to develop safe containment 
for Sr”. 
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Reactor News 


WESTINGHOUSE OFFERS BIG PWR—ECONOMIC? 
The pressurized water reactor, which some interpreters 
of the nuclear scene recently contended is about to be 
phased out of AEC’s further development plans, last 
month seemed a lusty baby with a long life expectancy. 
Both very large and very small pressurized water plants 
were in the news. 

Westinghouse—in a counterattack on GE’s projects Sun- 
rise and Knowhow (NU, Nov. ’58, 19)—offered wae | 
executives an advanced pressurized water reactor wi 
5% times the output of mee ay 8380 Mw/(e). 
“We believe this plant will produce power at costs com- 
petitive with fossil fuels in the higher fuel cost areas of 
the U. S.,” declared Westinghouse atomic chief Charles 
H. Weaver. “It is the big plant required before we will 


know the answer to economical atomic power. It could 
start providing that answer by 1965.” Weaver pointed 
out that such a plant would be a fourth-generation re- 
actor (after the Nautilus prototype, PWR and Yankee). 


ALCO GETS A THIRD APPR 

Meanwhile, Alco Products Inc. got a $3,226,560 con- 
tract from the Army Corps of Engineers for a modified 
APPR to be built under ice at “a remote frigid location.” 
This is a new project, not to be confused with the 
APPR-la in Alaska for which Alco is also building the 
reactor system (NU, i 58, 25; Dec., 24). The unit 
will generate 1.5-Mw(e) plus 1,000 lb/hr steam for bar- 
racks heating, ice melting (for water supply) or research 
projects. Unlike its Ft. Belvoir progenitor, it will have 
a condensing system using air and ethylene glycol (APPR 
uses Potomac River water); it will require no concrete 
for shielding; it can be dismantled into its 20-30 skid- 
mounted component modules or packages and reas- 
sembled for further service. Tailored to the C-130, each 
package is limited to 30,000 Ib and 30 x 9 x 9 ft volume. 
The plant can be assembled and tested in the field in 
about three months. Fifteen men are needed to operate 
it. Fuel will be “essentially the same” as in APPR: 40 
Ib stainless-clad enriched uranium oxide, with a 1-2 yr 
core life. Alco designed the unit as a company- 
sponsored project. 


MARTIN GETS MODULAR POWER PLANT JOB 
The Martin Co. was AEC’s choice to build the $6-million 
PM-1 (Portable Medium power reactor No. 1) at Sun- 
dance, Wyo. (NU, Nov. ’58, 25; Jan. 59, 25). This 
pressurized water plant, producing 1 Mw of electricity 
and 2 Mw space heat, will be built in 30 months for the 
Air Force under the Army Nuclear Power Program. A 
cost-plus contract is being negotiated covering design, 
construction and test operation of the plant, whose 
modular component units can be airlifted and rapidly 
connected. 


AEC SIGNS WITH CAROLINAS-VIRGINIA 

Nine months after accepting the proposal of Carolinas- 
Virginia Nuclear Power Associates to build a 17-Mw(e) 
heavy-water pressure-tube reactor plant under the third- 
round demonstration program, AEC signed a contract 
with CVNPA covering design, development, fabrication, 
construction and test operation of the $43-million unit. 
Capital cost, $22-million, will be borne by CVNPA, as 
well as $6-million additional costs; AEC will contribute 
$15,075,000 maximum in research-development aid and 
waiver of fuel and D:O use charges. Westinghouse, who 
will build the reactor, has been doing research-develop- 
ment work since last May; detailed design is to start this 
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summer. The plant is to be ating by June 30, 1962, 
at Parr, S. C., 25 mi NW of Columbia, adjoining the 
Parr Shoals hydro plant of South Carolina Electric & Gas 
Co., a member of CVNPA. 


AEC OKAYS NORTHERN STATES SUPERHEATER 


The U. S.’ first integral nuclear superheater took a big 
forward step: AEC approved Allis- ers and North- 
ern States Power Co.’s plans to substitute a two-region 
superheating core (NU, April 58, 22) for the — 
design of the Northern States boiling water plant, which 
called for an ordinary one-region core with te, 
conventionally-fired superheater. AEC has fled with 
the Joint Committee an amendment to its third-round 
contract with Northern States, calling for $2.5-million 
more U. S. research-development aid and $800,000 use- 
charge waiver for the superheater’s highly-enriched U. 
The superheater would int total cost up to $33.1- 
million (from $28-million), of which AEC would con- 
tribute $10.3-million. Addition of the superheater will 
not affect the scheduled completion date of June 30, 
1962. 


IRL GOES CRITICAL 

The $4.5-million research reactor of Industrial Reactor 
Laboratories, Inc., at Plainsboro, N. J., started operating 
Jan. 21. The 5-Mw pool, world’s largest research re- 
actor entirely owned and operated by private industry, 
was built by 10 big U. S. firms participating in IRL 
(NU, Oct. ’56, R5). 


KIWI-A STARTUP NOW SET FOR SPRING 

First scheduled to begin static field testing late in 1958 
(NU, July 58, 25; Jan. 59, 27), Kiwi-A—first experi- 
mental reactor for nuclear rocket propulsion—is now 
slated to be started up this spring, AEC’s Albuquerque 
Operations Office says. Preparation “should be com- 
pleted by early spring,” followed by experimentation in- 
volving low-power operation of the reactor system, then 
working up to design power. Final tests may be com- 
pleted “some time during the late spring or early sum- 
mer.” The nozzle for Kiwi-A has been test-fired with 
conventional propellants by the fabricator, Rocketdyne 
division of North American Aviation, and is now installed. 


HEARD ON THE REACTOR CIRCUIT .. . 


The new National Aeronautics and Space Administra- 
tion has set up a Nuclear Engine Program, headed by 
Harold B. Finger, aimed at applying nuclear energy to 
space power systems, both propulsion and power gen- 
eration. The group will work closely with AEC... . 
Armour Research Foundation has received approval to 
boost its reactor’s power level to 100 kw, from 10 kw. 
This Atomics International solution-type research unit 
thus becomes the most powerful of its kind; another, the 
JRR-1 in Japan, has reached 62 kw. . . . General Elec- 
tric has received an order for 1,412 elements for the En- 
gineering Test Reactor at the Idaho reactor station. 
The winning bid was $255 each for 1,140 fuel elements 
and $355 each for 272 control elements, to be supplied 
over 18 months. This is lower than the original ETR 
fuel contract ($358 and $408), won by Babcock & Wil- 
cox (NU, Nov. 56, R9). . . . Griscom-Russell has won 
a multi-million dollar subcontract from Atomics Inter- 
national for three sodium-heated steam generators for 
the Hallam, Neb., sodium-graphite plant. G-—R is also 
building three steam generators, also sodium-heated, 
for the Fermi reactor. 





World News 


Advances Reported on Two Big German Plants 


The Bavarian nuclear group Atomkraft Bayern has given 
a design-study order for a 100-Mw(e) plant to Siemens- 
Schu Werke. This is the first contract signed in 
Germany for so large a power reactor, beating out the 
SKW group of Hannover which has selected its designer 
(NU, Jan. 59, 20) but is still negotiating. The Sie- 
mens unit, a pressure-tube reactor, was developed in- 
dependently in Germany by the big electrical manufac- 
turer; it is natural-U-fueled and heavy-water-moderated, 
like Canada’s NPD. The design study will take three 
years at most, and construction—if decided—another 
three . . . Meanwhile, RWE, West Germany’s biggest 
electric utility and builder of the country’s cage 
power reactor, the 15-Mw(e) boiling-water plant at 
Kahl, has received offers to build its long-planned 150- 
250-Mw(e) reactor (NU, Jan. 59, 20). One British 
consortium withdrew its first offer, for revision, when it 
learned that a French offer was $17-million lower. 
U. S. offers are also expected. RWE figures the project 
will cost about $100-million. It has bought a 90-acre 
site, but says it will award a construction order only 
when power costs become competitive. 


Soustelle New French Atom Chief; Hirsch Confirmed 


The Fifth Republic’s most controversial figure, Jacques 
Soustelle, is Minister for Nuclear Energy in the cabinet 
of Premier Michel Debré. His job is essentially liaison 
between the government and the CEA; there is no in- 
dication of change in French atomic policy or in the 
long-range 1957-62 program. Soustelle also holds the 
French Overseas Community portfolio. Another ap- 
pointment made official the long-rumored (NU, Nov. 
58, 17) move of Etienne Hirsch to succeed Louis 
Armand as president of Euratom. 


Grenoble Opened 


France’s nuclear research and training center at Grenoble 
in the Alps was formally opened Jan. 26 by Minister 
Soustelle. The 250-acre site employs 300 scientists. 











India’s First Power Plant Started; Zerlina Advances 


Preliminary work has started on India’s first nuclear 
power station, Indian AEC Chairman Homi J. Bhabha 
said. He did not give the site of the 20-Mw/(e) station, 
which apparently will be D:O-moderated and thorium- 
fueled. ... Zerlina, the ingenue heroine of Mozart- 
ean opera, has had an Indian reincarnation: the name 
now stands for Zero Energy Reactor for Lattice Investi- 
gations and Neutron Analysis. This $1.68-million reactor, 
India’s second, is to go critical by midyear at Trombay. 
Main purpose of the machine will be to make nuclear 
measurements. The third reactor, CIR (Canada-India 
Reactor), will be completed in May 1960. 


Korea Establishes Institute 


South Korea has set up a National Atomic Research In- 
stitute with a first-year — of $1.36-million. It 
began to function Jan. 21 with appointment of Pub-In 
Kim, ex-Minister of Education, as president, with cabinet 

Korean scientists felt disappointment at the ap- 
pointment of Pub-In Kim, feeling a scientist of adminis- 
trative ability should have been named; Kim is a high- 
ranking member of President Rhee’s ruling Liberal party, 
and also head of a pro-government daily newspaper. An 
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Atomic Energy Act passed the National Assembly a year 
ago, and in November a 100-kw General Atomic Triga 
was bought. A group of General Dynamics scientists 
and engineers have gone to Korea as consultants to hel 

design the Institute's first buildings and labs at the 1,127- 
acre site at Paktai-ri, 17 mi S of Seoul. The Triga parts 
are to start arriving in April for December startup. 
Eight Korean students are being trained in the U. S. 


Another Busy Month for IAEA 


-« preliminary assistance mission of the International 
Atomic Energy Agency has made a five-week trip to 
Burma, Thailand, Indonesia and Ceylon to survey con- 
ditions and possibilities in nuclear energy and advise 
IAEA on these countries’ needs. The team was headed 
by Wladimir Grigorieff, formerly of Oak Ridge. . . . 
As part of its 1959 technical assistance program, IAEA 
will give scientific aid to Brazil, Pakistan and Thailand: 
Brazil in setting up a service for precise radiation 
measurements, Pakistan with construction of a 1-Mw re- 
search reactor, Thailand with medical uses of isotopes. 

IAEA is also undertaking an integrated program 
to examine possibilities of using nuclear power in under- 
developed countries. 





Another New Combine in Britain 





Saunders-Roe Ltd., one of Britain’s big aircraft manu- 
facturers, has joined forces with Nuclear Enterprises 
(G.B.) Ltd. of Scotland to form a new venture, Saro- 
Nuclear Enterprises Ltd. The two firms have been 
collaborating in the nuclear field for about a year. They 
will concentrate on applied radiation and the application 
of isotopes to industrial processes. 


German Fuel Fabricator in First Delivery 


The first load of German-made fuel elements has been 
delivered by its maker, Degussa (NU, March ’57, R10), 
to Karlsruhe for the FR-2, first all-German-designed and 
-built research reactor. The 40 elements of Al-clad 
natural U were made from Canadian concentrate. De- 
gussa has also recently obtained the order for the ele- 
ments for the Argonaut that Siemens is building at the 
Garching nuclear research station near Munich. 





D.O Plants for Egypt, India; German Suppliers Active 


Egypt will produce heavy water for the world market by 
1962. A plant will be built jointly by the Egyptian 
AEC and the state-controlled Kima Chemical & Fertilizer 
Co., which is now setting up a calcium and ammonium 
nitrate fertilizer plant at Aswan. The D.O plant is to 
produce 20 tons/yr after completion in 1960. A West 
German firm, Aura, has already bid on supplying equip- 
ment. . . . Another West German firm, Lindes Eismas- 
chinen of Wiesbaden, has an order to build a D.O plant 
in India at the huge Bhakra-Nangal hydro project. 





OEEC Plans Management Conference 


OEEC’s European Nuclear Energy Agency will hold a 
conference for senior management on commercial pros- 
pects for nuclear energy in industry, to take place May 
11-14 at Stresa on Italy’s Lake Maggiore. The Atomic 
Industrial Forum is sponsoring U. S. participation. 


Sir Claude Gibb Dead 

Sir Claude Gibb, 60, principal organizer and head of Bri- 
tain’s Nuclear Power Plant Corp.—first of the four British 
industrial groups—died Jan. 15 of a heart attack at 
Newark Airport on his way from Oak Ridge to Toronto. 
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News in Brief 


3rd Industrial Atom Conference Set for September 
The Third Industrial Nuclear Technology Conference on 


the nonpower aspects of nuclear ger pee Pag hasiz- 
ing developments in radioisotope and radiation a 
will be held at the Morrison Hotel, Chicago, Sept. 22-24. 
Abstracts of about 750 words should be submitted by 
May 1 to Industrial Nuclear Technology Conference, 
Armour Research Foundation, 10 W. 35th St., Chicago 
16. ARF and NUCLEONICS magazine are nsors of 
the conference, in tion with AEC’s Isotope De- 
velopment Office. Highlight of the conference will be a 
report on AEC’s Isotope Development Program (NU, 
Oct. ’58, 21); most of the program’s contractors are ex- 
pected to present progress reports. The conference is 
also expected to be a major forum for reports on radia- 
tion developments abroad. 


Gore Seeks $1-Billion for Acceleration 

Sen. Albert Gore (D-Tenn.) has introduced in the Senate 
his 1959 version of a bill to accelerate development of 
civilian reactors, controlled fusion and nuclear rockets. 
It calls for a total AEC expenditure of $1-billion, an un- 
specified portion of which would go for construction by 
AEC of 1-million kw nuclear power capacity by 1966. 
The rest would support a speed-up in the work on 
nuclear-rocket phen and controlled fusion. 


Radiation Highlights 

Radiation Applications, Inc., has been given an AEC 
contract to investigate the radiation-induced grafting of 
metallic salts and organometallic systems to organic poly- 
mers, primarily to produce higher-temperature plastics. 
. » » Walton C. Gregory, a scientist at North Carolina 
State College, has produced a peanut strain resistant to 
wilt and disease; the new variety is a product of 10 years 
of experiment with radiation. 


Huge Wyoming U-Ore Body Claimed 

Utah Construction Co. has reported discovery of a 3—4- 
million-ton uranium basin in the Wind River district of 
Wyoming—an ore reserve which “could conceivably be- 
come the largest deposit of uranium in the U. S.,” ac- 
cording to authoritative mining sources. The ore body 
will probably not be developed under the AEC purchase 
program, however, because Utah Construction’s alloca- 
tion of 83 tons per day is not large enough to warrant 
economic production from the reserve. 


Canadian ‘Plowshare’ Blast in 1960? 


Richfield Oil Corp. and the Canadian Government last 
month reported agreement on a program aimed at setting 
off a nuclear blast under oil-sand deposits near Lake 
Athabaska, northwestern Canada, in mid-1960. Rich- 
field and other interested oil companies would defray the 
$1-million in bomb and site costs; the U. S. AEC would 
deliver the bomb and provide technical assistance. A 
feasibility committee is making a final study of the plan 
before a date is set; the group is headed by John Con- 
vey of Canada’s Dept. of Mines. 


Los Alamos Finds Another Peaceful Bomb Use 

Scientists at Los Alamos Scientific Laboratory have twice 
in the last year used small nuclear bombs to produce 
high neutron fluxes for research. At Eniwetok in May 
and the Nevada Test Site in October LASL set off ex- 
plosions at one end of a long evacuated pipe; a rotating 
U™-rimmed wheel at the opposite end formed a kind of 
velocity spectrometer. Information thus obtained on 
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U™ cross sections are expected to make a major contribu- 
tion to neutron research. 


The Word from Germantown is That: 

Under a amendment to its licensing regula- 
tions, AEC has offered to simplify the license require- 
ments for sealed devices using radioisotopes (gauges, 
exit markers and air-ionizing devices). A general 

would be issued for manufacture and distribution of a 
specific device, and the user would be subject to certain 
safety requirements. . . . Neil D. Naiden, special assist- 
ant to Commissioner John S. Graham, has been ap- 
pointed an AEC deputy general counsel . . . AEC has 
transferred the functions of its Advisory Board on Con- 
tract a to Hearing Examiner Samuel Jensch, effec- 
tive Feb. 3; Jensch will hear appeals and make recom- 
mendations to General Manager Alvin Luedecke. . . . 
AEC and the Air Force have formed a Life Sciences 
Working Group in the Aircraft Nuclear Program to assist 
in defining the human factors associated with nuclear 
propulsion of aircraft and missiles. Members are: Maj. 
Charles M. Barnes, ANP Office of the AF, chairman; Leo 
K. Bustad, General Electric; Titus C. Evans, Iowa State 
Univ.; Col. Gerrit L. Hekhuis, AF School of Aviation; 
Donald M. Ross, AEC Biology and Medicine Div.; and 
Arthur C. Upton, Oak Ridge National Laboratory. 


Mallinckrodt Sets Up Nuclear Fuels Firm 


The Mallinckrodt Nuclear Corp. has been created as a 
subsidiary of Mallinckrodt Chemical Works. Headquar- 
tered at St. Louis, the fuels company is absorbing the 
personnel and facilities of the Special Metals Div., in- 
cluding the nuclear-fuel production center at Hematite, 
Mo. Among the reasons for the move, according to 
Joseph Fistere, president of both parent and perme So 
companies, are: (1) “sharp differences” in the nuclear 
and chemical operations of Mallinckrodt; (2) differences 
in insurance problems of the two operations; and (3) 
separation of private activities from those under contract 
to AEC. 


California, New York Governors Seek Legislation 


Governors Edmund G. Brown of California and Nelson 
A. Rockefeller of New York are sponsoring legislation 
this year to create nucleonics staffs in their state govern- 
ments. Brown wants a coordinator to keep him in touch 
with commercial developments and coordinate activities 
of stage agencies; Rockefeller wants enactment of a bill 
creating a state nuclear agency. 


New Groups on Instruments, Shielding 
The Nuclear Instrumentation Assn., a trade association 
of nucleonic instrument manufacturers, has been formed 


by some 40 firms. The group will vote at the Nuclear 
Congress in April on whether to affiliate with the Elec- 
tronic Industries Assn.; a kesman said such a move 
could take advantage of the legal, technical and admin- 
istrative apparatus of EIA in Washington, D. C., and 
elsewhere. Chairman of NIA is Nicholas Anton, presi- 
dent of Anton Electronics Laboratories. . . . A spokes- 
man for Knapp Mills, Inc., confirmed last month that the 
Guild for Shielding Radiation has been formed by some 
30 experts in the field to support shielding research in 
transportation, propulsion and other nucleonics applica- 
tions. Alfred Knapp, president of Knapp Mills, eer 
that a formal organizational meeting is sched in 
New York City during April. Foreign chapters are 
being organized in the U. K., France and Italy. 
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Liability Problem Solved 


for SENN; GE Proceeds 

General Electric and Italy’s SENN 
(Societa Elettronucleare Nazionale) 
last month reached basic agreement 
on a contract covering construction 
of a 150-Mw(e) boiling-water re- 
actor at Punta Fiume (NU, Nov. 
68, 20). An “initial agreement” 
was signed on Feb. 5, permitting GE 
to proceed with civil and nuclear 
engineering and work on the tur- 
bine, pending the signing of a final 
contract within five months. Con- 
struction is expected to start about 
Aug. 1. 

The initial agreement was delayed 
by “a difficult problem”—third-party 
liability. Its solution was based on: 
(1) no fuel for the reactor will be 
delivered until the OEEC Liability 
Convention goes into effect (NU, 
Nov. ’58, 23); (2) GE will get a 
hold-harmless clause, plus indemni- 
fication by SENN, on the possibility 
of damage outside the OEEC coun- 
tries; and (3) SENN will attempt 
to get a waiver of recourse to GE 
from SENN’s insurors. 


AEC Offers U on Credit 
AEC will make enriched fuel for 


wer-reactors available on a de- 


erred os pome plan to countries 


having bilaterals with the U. S., to a 
limit of a 500-Mw(e) plant capacity 
per project. To be eligible, projects 
must be scheduled to operate be- 
fore June 30, 1964, and “make use 
of U. S. designs and a substantial 
portion of U. S. components.” The 
plan would make reactor fuel inven- 
tory available for 10 years without 
sgoesn of principal, which would 
spaced over the next 10 years. 


UK-—Euratom Pact Signed 
Euratom and Britain signed a ten- 
year bilateral Feb. 4, opening the 
Euratom market to British reactors. 
Much less broad than the U. S.- 
Euratom bilateral which provides 
funds for a joint research-develop- 
ment program on nuclear fuel cycles 
and for a reactor-building program, 
the U. K. pact covers nt ee of 
information and of design and con- 
struction data on research reactors, 
fuel processing and fabrication; and 
om to buy and sell research re- 
actors between Britain and Euratom. 


OEEC Joins British HTGC 

Twelve European OEEC coun- 
tries have finally decided to join the 
UKAEA’s High-Temperature Gas- 
Cooled (HTGC) reactor project, 
dubbed Dragon, at Winfrith Heath 
(NU, Jan. ’59, 17). 


AEC’s New Long-Range Reactor Program Denounced; 
Democrats Demand Program Worked Out Jointly 

AEC Chairman John A. McCone opened Congress’ annual 202 hear- 
ings this month with a new AEC program to make nuclear power 
competitive within ten years in high-cost areas of the U. S. and within 
five years abroad. The Democratic leadership of the Joint Commit- 


tee on Atomic Energy, however, 
quickly denounced the program 
as “inadequate.” 

In McCone’s own words the new 
program is the current program “in- 
jected [with] the idea of capital 
grants” for industry-sponsored reac- 
tors of prototype size—up to 75 
Mw(e). 

The capital-subsidy scheme came 
under immediate attack by JCAE 
Chairman Clinton P. Anderson 
(D-N. M.), Sen. Albert Gore 
(D-Tenn.) and Rep. Chet Holifield 
(D-Calif.). Summed up, their ob- 
jection is this: AEC is proposing to 
make it easier for industry to build 
prototype reactors—but what AEC 
should be doing is to build the pro- 
totypes itself. Anderson declared: 

“I am disappointed in the pro- 
gram’s provisions with respect to 
the construction of experimental 
prototype, which will still, appar- 
ently, be regarded as the domain of 
industry, even for advanced con- 
cepts. I have no reason to reverse 
my own feeling that for advanced 
experimental prototypes the AEC 
should take the risks and direct the 
project, particularly where the gov- 
ernment puts up all or most of the 
money.” 

The JCAE leadership, it is un- 
derstood, has reacted heatedly to 
the AEC program for still another 
reason: it is an unilateral program. 
Negotiations to work out a joint 
program have made no progress 
since they were resumed by the 
JCAE and AEC staffs in January. 
“We're getting less cooperation than 
we did from the old AEC staff last 
year,” a JCAE official complained. 

The Democrats are not against 
capital subsidies per se—indeed, Sen. 
Anderson has espoused this approach 
—but they want it applied to com- 
mercial-size stations utilizing a tech- 
nology sufficiently advanced that a 
capital subsidy would be most of the 
yt between competitive and 
noncompetitive power. For proto- 
sg so advanced that AEC must 
offer research-development and fuel 
as well as capital subsidies, the 
Democrats insist that AEC should 
put up all of the money and take 
complete control. 





Before outlining the new pro- 
gram to JCAE, McCone recalled 
that it was just five years ago that 
AEC—with JCAE’s aeers and 
support—launched the first formal 
civilian nuclear power program. 
“I believe,” he said, “that efforts 
during the past five years have paid 
off in remarkable progress.” A 
major result, he said, has been the 
lessening of a need “for pursuing a 
multiplicity of projects.” 

The new program has five goals: 
(1) achieve economic power in ten 
years in high-cost U. S. areas; (2) 
assist other nations to achieve eco- 
nomic power in five years; (3) sup- 
port a continuing long-range pro- 
gram; (4) maintain U. S. leadership 
in civilian technology; and (5) de- 
velop breeder reactors. 

“It shall be the responsibility of 
the AEC,” McCone said, “to pro- 
vide positive and — leader- 
ship in the national effort to achieve 
these goals.” Its plan: 

1. Research and development. 
AEC “will be responsible for assur- 
ing that all necessary work in this 
phase is carried out...” 

2. Prototype construction. AEC 
will determine what should be built 
and will give the utility industry a 
chance to make proposals; “assist- 
ance toward capital cost” will be 
available up to the point where 
AEC would carry half total cost of 
the project. AEC will accept un- 
solicited proposals for prototypes but 
only research-development and fuel- 
waiver assistance will be available. 

3. Commercial plants. “Industry 
will assume primary responsibility;” 
AEC assumes here that phases 1 
and 2 will demonstrate economic 
feasibility of several concepts and 
that industry would have the nor- 
mal incentives to construction. 

As —_ of its phase 1 and 2 re- 
sponsibility AEC will carry out: (1) 
a continuing program of fundamen- 
tal research; (2) general research- 
development programs on promising 
reactor concepts; (3) special fuel- 
cycle work; and (4) specific re- 
search-and-development _ programs, 
including construction of experimen- 
tal and prototype reactors. 


NOTE: NUCLEONICS statistics have been dropped this month for the late story above. 
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ALL-NEW RCLiac 128 


4 


4 





Performs MULTI-ANALYZER and MULTI-SCALER Operations 


NOW BEING DELIVERED 


The ultimate in transistorized reliability, the versa- Portable, the RCLiac 128 may be used both in the 


tile RCLiac 128-Channel Scaler-Analyzer performs field and the laboratory as a 125-channel scaler, 


every operation from scintillation spectroscopy a 128-channel analyzer, two 64-channel analyz- 


through gross counting. Rugged, Compact and ers or four 32-channel analyzers. 


Compact: 21” high x 19” wide x 24” deep 
Portable: Weighs 115 pounds 


Power Requirements: 125 watts 


The RCLiac 128 consists of six plug-in modules: 


Display. Direct Number or Curve display on 
Cathode Ray Tube. 


Memory. Stores 1,000,000 counts per 
channel. 


Power Supply. Supplies all voltage neces- 
sary for instrument operation and nega- 
tive high voltage from 600 to 1500 volts. 
Stable to 50 parts per million when used 
with well regulated line. 


A.D.C. Overall amplifier gain — 1,000. In- 
tegral linearity of analog to digital con- 
verter is less than +1% for channels 5 
through 128. 


Control. Automatic pre-set time from 0.19 
seconds to 28 hours. Pre-set count from 
2' to 224, 


Adder. Addition and subtraction accom- 
plished by logical decimal arithmetic cir- 
cuits. Complementing unnecessary. 


RCLiac 128 
In Operation. 
Visit RCL 


Booth 228 


me!) /ROL 








RADIATION COUNTER 
LABORATORIES, ««. 


5121 W. Grove, Skokie, Ill., U.S.A. ORchard 3-8700 













many new developments 
INCREASE PERFORMANCE, RUGGEDNESS, RELIABILITY 


CRL manipulators... 
as obedient as your hand 


Central Research Laboratories brings you important refinements in 
lateral rotation, azimuth assembly, wrist joint, tong, handle, roller 
mounts, load hook, and booting. Each is the result of CRL’s continu- 
ing program to give you the finest in master-slave manipulators . 
manipulators which duplicate the natural motions of the operators’ 
hand. Many of these improved features can be added to manipulators 
already in service. This program of improvement without obsoles- 
cence plus CRL’s policy of immediate shipment on spare parts 
insures continued customer satisfaction. 


Improved roller mount: 
More rugc¢ed, more 
serviceable, less wear 
on through tube. 


Improved wrist joint, 
tong, and tong jig: 
Greater protection of 


gears, more rugged, 


easier interchange. 


Improved handle: More 
rugged, more satisfac- 
tory control of separa- 
tion indexing and 
squeeze motion lock. 


Improved booting and 
load hook: Partial or 
complete booting pos- 
sible, load hook fits on 
booted or unbooted 


Improved azimuth as- 
sembly: Eliminates ex- 
posed rollers, provides 
greater 


shorter collapsed length. 


arm. 


for over-wall installation 


for thru-wall installation CRL MODEL 4 


CRL MODEL 8 General purpose — for 


installation over a barrier 
wall or through ceiling 
opening of protective 
enclosure. 


Thru-wall installation 
for intermediate to 
high-level shielding. 
Separation indexing 
and lateral rotation 
keeps operator close 
to window with full 
visibility over large 
area. Easy to relocate 
—one man with a 
light crane can remove 
and relocate in less 
than five minutes. 


for restricted-space 
installation 
CRL MODEL 7 


Space saving, light weight 
—for use in “‘junior 
caves’’ or over thin walls 
where minimum clear- 
ance and easy portability 
are important factors. 


Central Research Manipulators from basic 
Argonne National Laboratory designs 


write today for complete information to: 


Cental Keach, 


laboratories, inc. 
Red Wing, Minnesota, Dept. 102 
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NEW TOOL FOR HIGH VACUUM SPECIALISTS COMPLETELY CLEAN 
Introducing a whole new series of ion pumps 
at will velop absolutely clean vacuum 
iar me clop absotutel; Ree - MEASURES ITS OWN VACUUM 
better than 10 mm Hg hey are available . ‘ 
bol ol beebedbelsamer-Ber-nenkat= : and 250 liters 
second. Larger sizes can be ion special 
order. They offer tremendous advantages in SIMPLE INSTALLATION 


+ 


such applications as particle accelerators, space 
research chambers, fusion processes, mass 
spectrometers, electron microscopes, vacuum 


tube processing — whenever Feb eeb bet haste! 


ultra-high vacuums are rea LOW MAINTENANCE COSTS 
HIGH CAPACITY — 

illustrated has a Lif g er 250 ¢ 

liters ‘se ffor: P : fate) p ; LONG LIFI 


Hg. Pur ng spe 
RUGGED — N 


4 


ONLY FROM VARIAN 


ULTRA-HIGH VACUUMS 
Vaclon } ps Ww ; 

Equal t pace ata € 
NO MOVING PARTS \ I ite ele 
tronically es -e-ae-e. associates 
RUNS UNATTENDED A ‘ A RNIA 
personal attent t 


other hazard 


HIGH CAPACITY 
HIGH VACUUM 


ALYSTRONS, TRAVELING WAVE TUBE { ARD AVE LLATORS, HIGH VA 
R. F. SPECTROMETERS, MAGNET AGNET ET TALOS, POWER AMPLIF 
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THREE TYPES OF RADIATION 
SHIELDING DOORS AND FRAMES 


ene 


ae Frame 8’ 10” x 8’ 11”, and the door is 18” 
per Sd solid cast iron. Clear opening provided is 


86” high and 48” wide. The total weight 
is 24 tons. 


FF i 4 Four of these doors are installed in test 
| Ee LD i N iS cells at the “CANEL” project, Middie- 
eas town, Conn. 





Put it up to the team of experts 


in our Nuclear Products Division 


Herring-Hall-Marvin’s experienced team of 
radiation shielding experts is ready to tackle 
and help solve your problem by designing 

, F The frame is 11’ x 10’ and the door 12” 
access door equipment that will not only pro- mare solid cast iron Aden opetingal Sheet 

by 7’ width is provided and the tota 

tect the human body from the harmful effects weight is 20 — 
of atomic radiation but also meet any project co af Some Some ae Snes 
security requirement. 


Boe. +S%, 

ca ahr a - 3 
OE Tae te 
MO ak, RNS 


Se RGR 


DuPont Experimental Station, Nuclear 
Physics Laboratory Building in Wilming- 
ton, Delaware. 


it 


ga A 


Pee | 
teat Mz 
ome aT 


mF 


Massive radiation shielding doors of all types 
—hinged, sliding and lift—manufactured of 
cast iron, solid steel plate, fabricated steel filled 
with concrete or borated polyethylene — 
will be designed and built to meet all your 
requirements. 





Inquiries are invited not only on doors but 


all types of radiation shielding structures. 

Frame is 8’ 10” high and 8’ 11” wide. The 
door is 12” thick fabricated steel with 
. door and frame cavities filled with 10%” 

yaaee thickness of borated polyethylene. 
HERRING - HALL > MARVIN SAFE COMPANY ma A clear opening of 86” x 48” is provided. 

ba The total weight is only 6 tons. 

Nuclear Products Division x's Four of these doors are installed in 
hee. test cells of the “CANEL” project, 
HAMILTON, OHIO eae Middletown, Conn. 
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For detailed technical data on . ¥ 
Alite and Alite Ceramic-to-Met 
Seals, write for Bulletins A-7® 
and A-20R. 


ALITE 


In designing nuclear reactors and 
associated equipment for power, 
propulsion or research, you may be 
dealing with problems of tempera- 
ture, pressure and corrosive conditions never met 
before. ALITE—the high-alumina ceramic that 
possesses many superior physical and electrical 
properties—may have the specific characteristics 
needed to help you solve any number of those 
unusually difficult and critical design requirements. 


For example, if you are seeking an exceptionally 
strong, hard, non-porous material that must retain 
high mechanical or dielectric strength at tempera- 
tures up to 1300°-1600°C; that has high resistance 
to nuclear radiation, corrosion, abrasion and 
thermal shock; that can be produced to precision 
tolerances; that can be metalized and brazed to 
metal to form rugged, vacuum-tight seals—it is 
possible that Alite will give better results than 
any other material. 


Frankly, we're not certain just where this versatile 
material might fit into your program. We do 
know that Alite has proven useful in various 
reactor structural components and as a crucible 
material for processing various reactor materials. 
If you would like to explore the possibilities of 
applying Alite to your nucleonic design prob- 
lems, our ceramics specialists will be happy to 
study your requirements and assist you in every 
way possible. 
257-F 


~ 





DIVISION 
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YESTERDAY 


One of the first mechanical 
arms—built to handle new 
problems at the dawn of a 
new era. 


£ 
i fm j 


TODAY 


Today’s mechanical arm— 
the current model of a con- 
stantly improving product. 


: ‘SNe 
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General Mills—OLD HAND IN A NEW INDUSTRY 


Shortly after Hiroshima and the end of World War II, 

Mechanical Division engineers began investigating the 

problems associated with handling radioactive or “hot”’ 

materials. The General Mills Mechanical Arm, one of our 

first and best-known contributions to the industry, was the 

result. Later, a separate organization, the Nuclear Equip- 

ment Department, was formed to devote itself entirely to 
service in the nuclear field. 

A full line of remotely controlled han- 

dling devices . . . heavy duty and under- 

water manipulators . . . power tools and 


accessories . . . crane hoists . . . boom or wall mounted 
manipulators... mobile remote handlers . . . fuel handling 
machines . . . reactor service and maintenance systems . . . 
facilities planning . . . these and many more are included 
among the standard or custom design products and services 
offered by the Nuclear Equipment Department of the 
Mechanical Division. Virtually every major atomic installa- 
tion in the country today uses our equipment. 

If you’re planning a remote handling installation, 
chances are that our unusually wide experience in the 
nuclear field will prove valuable to you. 


WRITE FOR NEW BOOKLET describing our capabilities, address: Nuclear Equipment Depart- 
ment, Mechanical Division of General Mills, 419 North 5th Street, Minneapolis 1, Minnesota. 


Nuclear Equipment Department MECHANICAL DIVISION 


MINNEAPOLIS, MINNESOTA 
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In the design, 
engineering 

and fabrication 

of Pressure Vessels 
for Nuclear 


Reactors 


one stands out...PACECO 


Designers, Builders, Buyers of nuclear power plants! PACECO offers design-engineering expe- 
rience and fabricating skills with reactor pressure vessels unmatched by any other company in 
the world. PACECO has been a part of virtually every project of the Atomic Energy Commission 
since 1947. PACECO designed and built the boiling water reactor vessel for the world’s first pri- 
vately financed nuclear power plant. One of the world’s first aluminum reactor vessels was built 
by PACECO for General Electric... And a 94 ton test reactor vessel for Westinghouse Electric 
Co.'s facility at Waltz Mills, Pennsylvania. This is a record of achievement and experience which 
stands out in the infant industry of commercial atomic power. Here at PACECO is a fund of 
nuclear knowledge from which architect-engineers, contractors and utilities can profitably draw. 


For more information about PACECO'’s services and facilities write for Brochure 6-A 


PAC E co PACIFIC COAST ENGINEERING CO. 
Sales Offices: NEW YORK, N. Y. * TORRANCE (Los Angeles Area), CALIFORNIA 


Main Office & Plant * ALAMEDA, CALIFORNIA 





“TAILORS OF STEEL” | 











See PACECO’S Booth at The Atomfair+ Cleveland, Ohio * April 5-10 
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These 46 Sola-Flex” 
distributors can serve you 
anywhere... faster! 


WHEREVER YOU ARE LOCATEDin the United 
States there is a dependable Sola-Flex 
representative nearby—ready to give 
immediate service and technical assist- 
ance on your expansion joint needs. 
This prompt, efficient service is but 
one of the many reasons why forty of 
America’s fifty largest businesses rely 
on Sola-Flex expansion joints to help 
solve difficult piping problems. 
(Another reason is the outstanding 
Sola-Flex record of performance and 
reliability. ) 

Solar manufactures the most com- 
prehensive line of expansion joints in 
the world. They are made from a 
wide variety of stainless and high- 
temperature alloys in a complete range 


of sizes from % in. to 35 ft in diameter. 
Temperatures range from —320F to 
1200F, pressures from full vacuum to 
600 psi and up. And rugged Sola-Flex 
expansion joints can be “in service” 
one to four weeks after receipt of order. 

A new pamphlet describes Solar’s 
complete line of Sola-Flex expansion 
joints. Write for it to Dept. F-128, 
Solar Aircraft Company, San Diego 12, 
California. 





SOLAR 


AIRCRAFT COMPANY 


SAN DIEGO 
OES MOINES 











ENGINEERS WANTED! Challenging projects, unlimited opportunities with Solar. Write today! 
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ALBANY, N.Y.— Energy Control Co., Inc. 
1203 — Avenue 
ATLANTA, GA.— ane dg ery 
130- 66 tlapte _— NE 
BALTIMORE, MO.— 8 conta ee 
7 Maryland } Avenue 
BIRMINGHAM, ALA.— Control Some Co., inc. 
1929 Shades Crest Road 
BOSTON, MASS.—T. F. Fitzgeraid 
201 Devonshire Street 
BUFFALO, N.Y.—Bass industrial Equipment Co. 
6045 Main Street 
CHARLOTTE, N.C.— Mechanical Equipment Co. 
P.O. Box 4066 
CHICAGO, ILL.— Piepenbdrink & Schoonhoven 
53 W. Jackson Bivd 
CINCINNATI, OH10—Aibert A. Azar & Associates 
1987 Connecticut Avenue 
CLEVELAND, OHIO—F. F. Eiseman 
627 Hanna Building 
CORAL GABLES, FLA.- Pan Amer. Western Co., Inc. 
103 Le Jeune Road 
DALLAS, TEXAS — Power ey Co 
2 N. Central Expressway 
DAVENPORT, 1OWA— Deco feet 
320 Western Avenue 
DENVER, COLO.— Hank Thurstin Co 
475 Acoma Street 
DES MOINES, 1OWA—DECO Engineering 
1112 Locust Street 
DETROIT, MICH.—A. J. Blecki 
Donovan Buiding 
EL PASO, TEXAS — George S —— Co 
1 N. Campbell Street 
GREENSBORO, N.C.— ewe... Equipment Co 
P. 0. Box 965 
GREENVILLE, $. C.—Mechanical Equipment Co 
‘§ 0. Box 1571 
HOUSTON, TEXAS — Power Specialty ¢ 
P.O. Bi 665. 2000 Kipling 
KANSAS CITY, MO.—Condit o. 
638 W. 39th Street 
LOS ANGELES, CALIF.—Southport Engineering Co 
235 W. 32nd Street 
MEMPHIS, TENN.—T. J. O’Brien Engineering Co. 
668 S. Main Street 
MINNEAPOLIS, MINN. — Arthur B. Anderson 
3336 Hennepin Avenue 
NEW ORLEANS, LA.— Power speci Co 
i Boulevard 
NEW YORK, N.Y.— Energy Contel >. 
ian vane 
WORTH HAVEN, CONN.— Energy conta Co. 
31 State Street 
OMAHA, NEB.— DECO Engineering 
716 e a Street 
PHILADELPHIA, PA.— Energy ee 
47 WN.  Broes Street 
PHOENIX, ARIZ.—Geo. S. mee... Co., 
ae $s Central Avenue 
PITTSBURGH, PA.—P. C. McKen 
3829 Willow Ave , P.O, Box 10396 
PORTLAND, ORE.—R. H. Brown Co. 
5825 N. W: Front Avenue 
RICHMOND, VA.—H. M. Summerel! Co. 
Suite 105 Ng ee 
ROSELLE PARK, KJ.— Energy, Control Co. 
472 € Westileld Avenue 
SALT LAKE CITY, UTAH —Pace-Turpin & Co. 
726 South Third a 
SAN FRANCISCO., CALIF.— Trident ineiosermad 
6 Beale Street 
ST. LOUIS, MO.— O’Brien Equipment ag 
2832 Olive Street 
TULSA, OKLA.— Condit Co. 
1011 S. Main Street 
WASHINGTON, GA.—Control Equipment Co., inc. 
P. 0. Box 565 
WILMINGTON, DEL.— Energy Controi on. 
900-A W. 8th Street 


BUENOS AIRES, ARGENTINA — Manuel A 


Munoz 
Migueletes 1074 
EDMONTON, ALBERTA, CANADA — 
Alberta Vaive Specialties, inc 
8035 102nd Street 
HONOLULU. T.H.—Durant-irvine Co., Ltd 
430 Piikoi Parkway 
TOKYO, JAPAN — Nissho C 
Tokyo Boek! Kaikan bide. 2. 1-Chome, Otemachi 
Chviyoka-ku 
TORONTO, ONTARIO 
Bass Industrial tasipment C Co., ry 
tb eng a 
VANCOUVER, 8.C., CANADA— Fach rother 
0 Alexander Street 
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TEST REACTOR LICENSE NO. 1 has been awarded to the General 


Electric Test Reactor (GETR), which went critical in December, 
1958, and is now available for your research program uses. 
The nation’s first large privately financed materials-testing re- 
actor, the GETR combines the best testing features of tank and 
open-pool reactor types. 


GETR: Industry’s Newest Advance 
Toward Economic Nuclear Power 


General Electric Test Reactor Provides 
Flexible New Facility For Accelerated 
Nuclear Research 


The 30,000 kilowatt (thermal) GETR now offers to in- 
dustry one of the widest ranges of nuclear testing capabili- 
ties available anywhere, and represents another significant 
tool in private industry’s efforts toward the realization of 
economical nuclear power. 


The new $4,000,000 reactor is located at the multimillion 
dollar General Electric Vallecitos Atomic Laboratory, where 
facilities also are available for post-irradiation examinations 
at the Radioactive Materials Laboratory, as well as for 
basic and applied research in nuclear physics, chemistry, 
and metallurgy. 


The unique design of the GETR provides both in-pile 
facilities for high neutron flux studies, and extensive pool 
facilities for a wide variety of other irradiation experiments. 
Capabilities include accelerated engineering tests on reactor 
fuels and components, general industrial materials-testing, 
and isotope production. 

Irradiation space is available in the core and pool re- 
flector, including both loop and capsule positions, For in- 
formation and price data, write to: Manager—Sales, Section 
191-3B, Atomic Power Equipment Department, General 
Electric Company, San Jose, California. 


Atomic Power Equipment Department 


GENERAL @@ ELECTRIC 


Ses At ie ree oes 
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PROVEN INSTRUMENTS 


to measure and control micro-currents 


MODEL 410 offers maximum sensitivity and fast response 
for general applications. Typical are measurement of cur- 
rents in ion chambers, photo cells, vacuum tube grids, and 
back currents of silicon transistors. No switching transients 
created by switching from range to range. Features tabu- 
lated below, with similar Model 411. 


MODEL 411-C has a meter-relay with adjustable contacts, 
providing economical control or alarm circuitry. Five- 
ampere contacts are brought out through an AN connector. 
All other Keithley Micro-microammeters and Log N 
Amplifiers also are available with contact meters for 
specific applications. 


eee NESS 
~ SS Fy teee 
Pe 


MODEL 420 provides superb stability for dual monitor- 
ing of power level and reactor period. It measures positive 
or negative reactor period from —30 to o to + three sec- 
onds and has five-second recovery from overloads. Accu- 
racy is within 3% at center scale. Log N current ranges 
shown below. 


MODEL 412 features a large single scale covering six 
decades with no range switching. Typical uses include reac- 
tor control, radiation monitoring and materials testing. 
Accuracy is within 0.2 decade; zero drift within 0.5 decade 
in eight hours. Features shown below, including similar 
Model 413. 





MODEL 


FULL SCALE RANGES 


OUTSTANDING FEATURES 


PRICE 





410 10-3 to 3 x 10-13 amp. 


Twenty ranges; fast response; maximum sensitivity 


$ 490.00 





410-C 10-3 to 3 x 10-3 amp. 


Same as 410 except contact meter replaces panel meter 


$ 625.00 





411 10-3 to 10-!! amp. 


Seventeen ranges; fast response; excellent zero stability 


$ 535.00 





411-C 10-* to 10-!! amp. 


Same as 411 except contact meter replaces panel meter 


$ 670.00 





412 10-13 to 10-7 amp. 


Single range; high stability log N meter; fast response 


$ 485.00 





413 10-"! to 10-5 amp. 


Same as 412 except measures larger currents 


$ 485.00 





420 10-18 to 10-6 amp. 


Single range; adjustable response speed; superb stability 


$ 950.00 








420-C —30 to © to + 3 sec. 


Same as 420 except two contact meters replace panel meters 


$1220.00 





WRITE TODAY /or detailed data on these and other Keithley 
Instruments for nuclear and research applications. 


KEITHLEY INSTRUMENTS, INC. 


12415 EUCLID AVENUE 


CLEVELAND 6, OHIO 
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WOLVERINE TUBE 
WORKS IN METALS 
OF THE FUTURE 


MOLYBDENUM Today it is becoming increasingly important that 
your tubing source have experience in special 

NIOBIUM metals as well as those in normal, daily use. 
Wolverine Tube has this experience. Wolverine’s 
NICKEL ALLOYS 
continuous research and development program 
ral-Yetey Tiel has, for oy years, ee special emphasis on 
the production of tubing from metals of the 
VANADIUM future. In fact, ieee Detroit Plant re- 
cently produced what is believed to be the longest 
STAINLESS STEEL piece of niobium tubing yet fabricated in the 
United States. The lineup of special metals in 


TITANIUM which Wolverine works is shown at the left. 


To assure customers of competent sales guid- 

TANTALUM ance in this era of these metals of the future, 
Wolverine has also devoted special attention to 
the training of its Technical Sales Representa- 
tives. These men are qualified to discuss your 
metal requirements both in the field of heat 
transfer and tubular material selection. 


For complete information ask 
for the services of a Wolverine 
Technical Sales Representative. 
Write, today, for a free copy of 
Wolverine’s Nuclear Catalog. 





ip gee <4 2 crept W oO LV E R I N E T U B is 
VISION or 
weavined tube Sonar CALUMET & HECLA, INC. 


17260 Southfield Read 
Allen Park, Michigan 


PLANTS IN DETROIT, MICHIGAN AND DECATUR, ALABAMA 
SALES OFFICES IN PRINCIPAL CITIES 


EXPORT DEPT. 13 E. 40TH ST., NEW YORK 16, NEW YORK 
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... all but the necessary 


7 High Pressure Research Tools 
AUTOCLAVE ENGINEERS Designs 


and Builds High Pressure-High Tem- and there’s where Autoclave Engineers, Inc. comes 


perature Equipment Such As— into the picture to help you reach your objective. 


Valves, Fittings, Pumps, Compres- For more than a decade, we have been designers and 


sors, Reactors: SHEFaeanuioeiaes producers of high pressure equipment . . . valves, re- 


actors, stirred autoclaves, pumps, pressure vessels and 
Complete Package Systems (Includ- ‘ ie did 


related equipment. 
ing Panel Board For Control and 


While your project is in the planning stage, it 
Instrumentation) Such As— 5 ; 
will pay you to consult with us on the engineering 

Corrosion Testing V | : : . 
NS design and most economical manufacturing procedures 
Diffusion Bonding for the high pressure research equipment you need. 


Isostatic Pressing We can help you! 


Shock Tube Systems 


AUTOCLAVE 
ENGINEERS, INC 


2935 WEST 22nd STREET, ERIE, PENNSYLVANIA 
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in scintillation counting 
if it’s critical pulse selection you're after 


eliminate scatter and high energy background radiation 


in order to Mi ; 
check on radioisotope purity 


check on scatter conditions 


measure one radioisotope in the presence of another 


you'll welcome this new easy-to-use precise 


pulse-height pinpointing 


three modes of operation... 


Lower level discrimination only 
(i.e. integral counting) 


Upper level selector set at 0 to 10 
volts above lower level 
(i.e. window operation) 





Upper level selector set anywhere 
in 0 to 100 volt range independent 
of lower level 


| 
0-10¥. 
ABOVE 
LOWER LEVEL 





Actual size close-up of single-knob selector 
for the three operational modes of the Pickes 
2970 Pulse-Height Analyzer. (For spectrum 
Scanning we Can equip the instrument with 
a motor-drive for the lower level.) 


This fine precision instrument is one Decade Scalers 
of the comprehensive Picker family Ratemeters 
of quality nuclear equipment. The line 
includes instrumentation for every 
phase of diagnostic and therapeutic 

use of radioisotopes. High Voltage Supplies 


Scintillation Scanners 


Well Counters 
Scintillation Probes 


For particulars, call any Picker District Office—there’s 
probably one near you (see your local ‘phone book). 
Or write Picker X-Ray Corporation, 

25 South Broadway, White Plains, New York. 


Recorders 

Survey Meters 

Focusing Collimators 
Spectrometers 

Mobile Probestands 
Accessories and Sundries 


no capital investment if you'd rather rent « ask about the PICKER RENTAL PLAN. 
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Putting Rare Earths Within Your Reach 


tons, pounds or grams— today 


A These 10 in. columns, 10 ft. high are 
for poundage quantities 
Ton quantities are produced in these 3 


olumns, 20 ft. high 


Gram quantity production facilities are 
in 2, 4 and 6 in. columns, 4 ft. high 


from the world's largest heavy rare earth producing facilities 


Production Facilities: Until recently, the scope of 
Michigan Chemical’s rare earth manufacturing has 
been classified. Now it can be told that its production 
units are the world’s largest — with nearly 200 ion ex- 
change columns 30 in. by 20 ft. high devoted to the manu- 
facturing of tonnage quantities alone. In another sec- 
tion of this plant are 10 in. columns for the production 
of the less-abundant rare earth elements such as lute- 
tium, thulium and holmium. Also, in our pilot plant are 
2, 4 and 6 in. columns, shown right, which are used 
mainly for experimental work. A wholly new manufac- 
turing plant is in operation producing rare earth metals 
in commercial quantities. 

Compounds and Metals: Thirteen of the rare earth 
oxides and metals are available to you in substantial 
quantities — mainly from inventory. Michigan Chemical 
Corporation was the first producer to supply most of 
the rare earth metals in volume. 


Rare Earths and Thorium Division 


Price Changes: Our facilities have enabled us to 
initiate many of the consistent and dramatic price re- 
ductions which have occurred in this field. Two years 
ago, for example, lutetium and thulium oxides were 
selling at from $100 to $125 a gram. Over a year ago, 
Michigan Chemical reduced the price of these materials 
below $30 a gram. Now our price is $4.50 a gram in 
pound quantities. In our role of leading producer, we 
are continuing every price effort to open the way for 
more and more research and product applications for 
these challenging compounds and metals. 


With purities up to 99.9+% purity, an assured source 
of supply and steadily lowering prices, we urge you to 
investigate Michigan Chemical’s heavy rare earth oxides 
and metals. Phone, wire or 
write today on your letter- 
head for technical data, 
quotations and delivery. 


*Reg. U.S. Pot. Off 


YM 
i 


A 


MICHIGAN CHEMICAL CORPORATION 


633 North Bankson Street, Saint Louis, Michigan RE-58-4 


PRASEODYMIUM « NEODYMIUM + SAMARIUM « EUROPIUM « GADOLINIUM « TERBIUM « DYSPROSIUM « HOLMIUM « ERBIUM « THULIUM « YTTERBIUM ¢ LUTETIUM ¢ YTTRIUM 
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te. specialists in 
(liverse 
reactor design 


After years of experience designing and install- 
ing a variety of reactor types, ACF now offers 
a wide range of “standard” reactors. Present 
ACF-designed nuclear facilities are located in 
the U. S., Italy, the Netherlands, and Sweden. 
Each installation presented a new problem and 
required a new solution. 


HEAVY WATER TANK TYPE 


LIGHT WATER TANK TYPE 
With a background of success in diverse re- 


actor designs, ACF has acquired the experience 
and capabilities to solve your reactor problems. 
If your requirements extend beyond the scope 
of our “standard” designs, ACF will custom de- 
sign a reactor to fit your specific needs. 


ig and design 
Nuclear physics calculations 
Site investigation and preparation of 
hazards report 
e Manufacture and test of all equipment 
and instrumentation 
e Reactor installation and 
construction supervision 
e Start-up supervision 
e Operator training 


For more information on how ACF can help you 
solve your nuclear problems, write to: 


: ee a baer 
= ’ Sty. sites i NUCLEAR PRODUCTS-ERCO 
write today for illustrated +t — , Division of GCF Industries Incorporated 
a a a ;, - 508 Kennedy Street N.W. Washington 11. 0.C 


PROCESS H 





NOW ACTIVELY AIDING ACADEMIC TRAINING IN NUCLEONICS 


Student Reactor Training Laboratery. 
Instructor inserts neutron-sensitive scin- 
tillation detector into automatic traversing 
mechanism while students utilize special- 
ized instrumentation for neutron flux 
measurements, and gamma, beta, and 
alpha sample analysis. 


e first nuclear-chicago reactor training laboratories now delivered to colleges and universities 


® Deliveries have been completed 
to these institutions: 


California Institute of Technology 
University of Connecticut 
State University of lowa 

University of Nevada 
Occidental College 
University of Rochester 
Texas Technological College 


Utah State University 


Nuclear-Chicago’s Sub-critical Reactor Laboratory, first announced in 
January 1958, has been installed at eight leading U.S. Colleges and Uni- 
versities. Designed for student training, the complete laboratory consists 
of the new Model 9000 Student Sub-critical Reactor, a carefully selected 
group of radiation detection and recording instruments, and a manual 
of experiments specially prepared for the Student Reactor and related 
nuclear counting systems. Instrumentation and experiments are designed 
to familiarize students with basic nuclear detecting and measuring devices 
and analytical methods, and to provide valuable reactor training in 
determinations of neutron flux, Fermi Age in water, relaxation lengths, 
multiplication factors, neutron activation, and other reactor properties. 
If you have not yet considered this unique package training program for 
your institution ask us to send our representative to explain it in detail. 





Fine estiumants- Rassarch Quality, Radiochemioats nuclear - chicago 


co f®# ®£28 oF A a Tternr 
® 235 WEST ERIE STREET * CHICAGO 10, ILLINOIS 
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Harshaw-™ ' 


ight absorbing 1 
ant transmission. 


efficiency: 


Harshaw Sodium lodide (Thallium) 
Scintillation Crystals for gamma 
radiation detection instruments 


“Harshaw Quality”. . . 
inherent in each Harshaw-made crystal 

The high purity, clarity, and proper activation of 
Harshaw Crystals are a natural result of our long 
pioneering experience in the delicate art of crystal 
growing. 

Harshaw Purity means light absorbing impurities 

are reduced to infinitesimal traces. 

Harshaw Clarity gives highest possible transmission 

of the crystal’s own emitted light. 

Harshaw Activation means the optimum thallium 

concentration ensuring maximum energy conversion. 
Our crystals are normally supplied hermetically sealed 
in aluminum containers engineered to secure maximum 
light collection. We will custom design these units to 
fit your specific requirements. Harshaw crystals are 
currently used in nuclear physics research, well log- 
ging, uranium prospecting, medical research, and in- 
dustrial process and product control. 
No need to specify ““Harshaw Quality”. . . you get it 
automatically when you order Harshaw Crystals. We 
encourage requests for technical assistance. Prices, 
specifications, or other information will be sent in 
answer to your inquiry. 


= 


OTHER HARSHAW SCINTILLATION CRYSTALS AVAILABLE IN THE FOLLOWING FORMS: 
Potassium lodide (Tl) ¢ Cesium lodide (Tl) * Cesium Bromide (TI) 
Anthracene « Stilbene * Naphthalene 
Lithium lodide (Eu) for neutron detection . Sodium lodide (rough cut blanks) 


THE HARSHAW CHEMICAL CO. 


1945 EAST 97TH STREET ° CLEVELAND 6, OHIO 


























First atomic aircraft 
carrier uses (iss) Quality 
Steel Forgings 


The Navy is now building the ENTERPRISE, the 
world’s first nuclear-powered aircraft carrier. 
You won't hear much about it because of secur- 
ity, but if you had visited U. S. Steel’s Home- 
stead plant a few weeks ago, you could have 
inspected two of the parts of the ENTERPRISE’S 
power system. You see them in the picture—a 
closure head flange and a top disc for one of 
her eight reactor vessels. They are USS Quality 
Forgings. 

The top disc will be seated inside the flange 
and both parts will be welded to other sections 
to form a single, sealed reactor vessel. The top 
disc weighs 36,750 pounds and the flange weighs 
74,000 pounds. In service, these parts must with- 
stand high pressure and radioactivity. The steel 
must be of excellent quality. 

Manufacture of these Ni-Cr-Mo alloy steel 
parts included forging, preliminary heat treat- 
ing and preliminary machining. This was fol- 
lowed by quenching and tempering. Then came 
a battery of tests: ultrasonic inspection, tan- 
gential tensile tests, Charpy V notch impact 
tests, grain size tests, bend tests and magnetic 
particle inspection. 

These are just two examples of the many 
forged flanges, discs, rings, heads, cylinders, 
and bored pipe that United States Steel has 
produced during the past few years for indus- 
trial and marine nuclear applications. 

These two forgings have an especially critical 
job to perform, so they were made by top- 
skilled men using the finest equipment—the 
same men and equipment that make every USS 
Quality Forging. We will appreciate your in- 
quiries or requests for our free 6-page booklet 
on USS Nuclear Forgings. Write to United 
States Steel, 525 William Penn Place, Pitts- 
burgh 30, Pa. USS is a registered trademark 


United States Stee! Corporation—Pittsburgh 
Columbia-Geneva Steel—San Francisco 
Tennessee Coal & iron—Fairfield, Alabama 
United States Stee! Export Company 


United States Steel 
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Life is Really worth living in cips TOWNS 


= 





People like living in CIPStowns. No fighting the 
suburbia crowd for a seat on the commuter train. 
Home and all the pleasures of really living are just a 
few minutes away from work. 

If you want to locate your new plant away from the 
hubbub of crowded industrial centers ... but still in 
the heart of resources and markets, manpower and 
movement ... CIPStowns are the answer. Here is 
where plants and people have room to breathe, to grow 
and to prosper. 

For information on available plant sites, write, wire 
or call our Industrial Manager. He’ll serve as your con- 
fidential assistant. 


Why CENTRAL ILLINOIS PUBLIC SERVICE COMPANY 


GENERAL OFFICES: ILLINOIS BUILDING, SPRINGFIELD, ILLINOIS 


SES Wek or eee 

Historic Lincoln shrines dot the country- 
side ... and offer inspiration to the peo- 
ple of CiPStowns. 


Churches of all faiths have a wide variety 
of religious, educational and cultural programs 
in CiPStowns, 








SOLENOID VALVES 
FOR NUCLEAR REACTORS... 


ASCO FOUR-WAY VALVE- 





CONTROLS ISOLATING VALVE IN CIRCULATING LOOP 


From ASCO’s nuclear energy facilities — the only ones in the Solenoid Valve 
industry to include a hot test loop — now comes a complete family of solenoid 
valves tailored to atomic energy requirements. 


Typical is the 4-way valve illustrated above designed for the control of the main 
eylinder-operated isolating (stop) valve in the circulating loop. This stainless 
steel, packless type (hermetically sealed) valve features exceptionally tight 
seating—through beveled, poppet-type seats and discs. Solenoid pilot controlled 
and available with manual override, it is supplied in 1” size. This unit is suitable 
for 2500 P.S.I. differential pressure at 600°F. 


Like all other ASCO Solenoid Valves designed for nuclear reactor systems, 
this valve has passed the most rigid tests under faithfully duplicated working 
conditions. ASCO 4-way Solenoid Valves are now in use on nuclear submarines 
powered with water-cooled reactors. Uniformly reliable and maintenance-free, 
ASCO 2, 3 and 4-way Valves are specified for primary and secondary systems of 
nuclear reactors, as well as for instrumentation control. 


For further information, request “ASCO Valves 
for Nuclear Reactors” and Catalog No. 202. 


Automatic Switch Co. 


52-M Hanover Road, Florham Park, New Jersey 
FRontier 74600 


Typical ASCO Solenoid Valves for submarines, military and commercial surface ships, and industrial power plants: 


Primary System Secondary System 


By-Pass 2-way 
Coolant Valve 


instrumentation Control 





CO Vimeanie 
THE PICTURE... Si 


requirements. 


ns Economical. 


Radiography Machines 





“We saye approximately 50% of radiography costs 
on welding inspection by using Nuclear Systems 
Equipment,” said the Manager of Manufacturing at the 
Chattanooga, Tennessee plant of Combustion Engineering, 
Inc., last year when Nuclear Systems gamma radiography 
machines were in use many hours a day. Now these machines 
are used around the clock—and savings over the use of con- 
ventional X-ray equipment have increased proportionately. 
Without expensive rigging, high quality radiographs are being 
obtained wherever and whenever needed—on almost all 
sizes and shapes of welded vessels and components. 
There’s a Nuclear Systems radiography machine which can 
tighten up your quality control... ease up your budget. For 
full information, write any of our sales offices. 


PHILADELPHIA + CHICAGO + SAN FRANC#SCO 
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A DIVISION OF THE BUDD COMPANY, Philadeiphia 32, Pa 
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SYLVANIA— 


scale fast breeder eactor, af 

reactor to nucle; ac 

SYLCOR has +hosen to prod 

subassemblies and 300 lanket 

the most intricate fuel Summa woes 
The reactor heat will make steam for a conventional turbine | 

generator feeding power to Detroit Edison's transmission grid. 

It will also make plutonium in the breeder blanket. Under con- 

struction by Power Reactor Development Company, it is the first 

American reactor designed to make commercially more fuel 

than it burns. 


SYLCOR-supplied core subassemblies will consist of a center 
section containing 144 coextruded zirconium-clad pins of 0.158” 
diameter, composed of 25.6% enriched uranium-molybdenum 
alloy. End sections will consist of 16 rods, 0.443” in diameter, 
composed of stainless steel cladding, sodium-bonded to depleted 
uranium-molybdenum alloy. Blanket subassemblies are made up 
of 25 full-length rods similar to those in the end sections of the 
core subassembly. 


It will be to your advantage to become acquainted with 
SYLCOR and its experienced staff of scientists, engineers and 
technicians. SYLCOR personnel and facilities are exclusively 
concerned with the production and engineering of nuclear fuels 
and special reactor components. In more than eight years of 
specialized experience SYLCOR has produced more nuclear 
fuel elements than any other commercial suppiier. 


You can save time and money by investigating the SYLCOR 
Package Fuel Plan. Under this simple plan you need only obtain 
allocation of the nuclear material required for your fuel. We then 
quote you a Si for delivery of the completed ele- 
ments ready for loading the core. Write for “NUCLEAR FUELS: 
Key to Reactor Pe "; also ask for a recent SYLCOR pub- 
lication, “Bibl on Effects of Radiation on Solids”. 
Sylvania-Corning Nuclear ¢ cava Bayside, N. Y. 


CORNING 


NUCLEAR CORP. 





Businesspaper advertising brings you in- 
formation on new and better products, 
alerts you to new processes and production 
methods by which you can improve your 
own products. That’s why it pays to read 
the advertising in your businesspaper. 
Helps you keep an ear to the ground for 
new and important developments you can 
put to work—profitably. 
* 


Businesspaper advertising helps to lower 
prices of the products you buy and sell by 
broadening markets, building sales volume, 
bringing you cost-saving opportunities. 
When you're looking for ways to lower 
costs and prices .. . give better value... 
and improve profits, it’s the editorial pages 
of your businesspapers that tell you how 
—and the advertising pages that tell you 
with what. 


susinesspaper advertising helps create de- 
mand, improve products, step-up produc- 
tion, distribution and sales. With new 
companies, new factories, new products, 
new services constantly being developed, 
you get a healthy, vigorous economy—a 
full-employment economy. Yes, sir! Ad- 
vertising works. And it works for you. 


dvertisin 
works for you! 





Advertising Federation of America 


Advertising Association of the West 


Prepared for AFA and AAW by the Associated Business Publications in the interest of better understanding of businesspaper advertising. 
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Radiation Monitoring 
Equipment Installed, Another 
Milepost in WTR Construction 


The radiation monitoring equipment has been installed in the now 
compléted control room at WTR. M. A. Schultz, Engineering Manager, 
explains the circuits to E. G. Phoebus, Marketing Department, as this 
complex nuclear testing facility nears completion. 


The testing reactor is scheduled to go critical in May with an initial 
power level of 20-mw. It will be available for experiments shortly 
thereafter to industry and university laboratories. Available facilities 
include: high-flux irradiation space; high-temperature, high-pressure 
loop equipment; hot cells; critical experiment; gamma irradiation. 


For contract reservations and assistance in scheduling and planning 
nuclear materials tests write: Westinghouse Testing Reactor, P.O. Box 
1075, Pittsburgh 30, Pennsylvania. 


Photo taken January 27, 1959 
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MOUSE LUCILLE BALL-DES! ARNAZ SHOWS” CBS TV MONDAYS 
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“CMMACELL 220° J 


and you can have it 
tomorrow with the 


GAMMACELL 220! | 


You can find out for yourself — in your present laboratory — what the effects of radiation 
would be on your products and processes. Installation is so simple that your irradiation 
studies could start the same day that the unit arrives. A specially shielded room is not 
required. Just connect the Gammacell 220 to an electrical outlet and it’s ready for 24 
hour duty. 

This Cobalt 60 irradiator is safe and easy to operate — junior personnel can handle 
irradiations with a minimum of supervision. Automatic timing ensures removal of the sample 
on schedule. 

Access tubes to the 220 cubic inch sample chamber make more elaborate experiments 
practical, by permitting irradiation of gases or liquids under flow conditions. Also, the 
tubes provide for the introduction of cooling coils or electrical circuitry. 


For complete technical data on the Gammacell 220 
and kilocurie Cobalt 60, please write to 


COMMERCIAL 


ATOMIC ENERGY OF CANADA LIMITED _propucts 
DIVISION 


P.O. Box 93. Ottawa, Canada 
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solving today’s problems today: Burroughs 220 Computer 


In scientific computation and business data processing, the new Burroughs 220 is delivering tangible results today. 
Linking a powerful digital computer to equally powerful input-output subsystems, the 220 offers balanced perform- 
ance at the lowest application cost. Its expandable core memory, built-in floating decimal arithmetic, vast Datafile 
magnetic tape capacity and the multiple-card processing ability of Cardatron make this the most powerful system 
available in the medium price field. The 220 is just one part of a complete line of advanced Burroughs electronic 
data processing equipment...now in production...now at work in hundreds of installations. ..supported by an out- 
standing team of computer specialists. Write today for 220 brochure, ElectroData Division, Pasadena, California. 


Burroughs Corporation 


“NEW DIMENSIONS/in electronics and data processing systems” 





The 1-mile-per-second X-15, designed to carry its pilot into the 
fringes of space, is a product of joint efforts of NASA, Air Force 
and Navy, with close cooperation of North American Aviation, 
Reaction Motors and 300 other contracting firms. This aircraft 
—latest in a long-term program conceived by NASA scientists 
for the advanced study of the problems of flight—will make its 
first flights soon. NASA has technical direction of the X-15 
project and will report the research results for use by Govern- 
ment and industry. 


The X-15 is a rocket research airplane, a flying laboratory. 


Primary research interest in the X-15 is to obtain knowledge of 
actual flight conditions in the near space environment, to produce 
a wealth of information from repeated missions involving entry 
into and exit from the atmosphere. And only man can prove 
how man will react in space to weightlessness and intense accele- 
ration and deceleration. 


The X-15 program is typical of the exciting things happening at 
NASA, whose responsibility it is to direct and implement UV. S. 
research efforts in aeronautics and the exploration of space, for 
peaceful purposes and the benefit of all mankind. 


NA SA National Aeronautics and Space Administration 
LS et 
56 


NASA offers unique opportunities 
in basic and applied research in 
aeronautics and space technology — 
For 
Aeronautical, Engineering Physics, 
Electronic, Mechanical, Electrical, 
Metallurgical, Chemical, Civil. 
For Scientists: 
Astronomers, Physicists, Mathematicians, 
Chemists, Metallurgists. 
Please address your inquiry to the 
Personnel Director of any of the 
following NASA research centers: 
® Langley Research Center, 

Hampton, Virginia 

Ames Research Center, 

Mountain View, California 

Lewis Research Center, 

Cleveland, Ohio 

High-Speed Flight Station, 

Edwards, California 

Beltsville Space Center 

4555 Overlook Ave., Washington, D.C. 
(Positions are filled in accordance with 
Aeronautical Research Announcement 61 8B) 
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NUCLEAR NEWSLETTER setaneres 





Progress Report on nuclear activities at Worthington, including work on primary and secondary 
cycle equipment, packaged power plants for the military, equipment for both Navy and 
commercial ships, and central station power plants: 


Water-lubricated bearings used in primary circuits of nuclear power plants 
are now proven. Exhaustive tests up to 12,000 rpm were recently concluded 
successfully. Work now under way on turbine-driven units will completely 
eliminate oil contamination in reactor systems. 


Self-contained “packaged” power reactor designed to operate continu- 
ously for 3 years with a single fuel loading has a Worthington turbine 
generator. Known as the Argonne Low Power Reactor, the 300 kw geared 
unit is in a prototype plant for use in remote areas. 


Add to Worthington “firsts” installation of the world’s largest steam con- 
denser especially designed for nuclear power. Location is the Common- 
wealth Edison Company’s Dresden Nuclear Power Plant near Chicago. 
The 120,000 sq. ft. unit will condense over a million and a half pounds of 
steam per hour, use 25 million gallons of water per day for one of the free 
world’s privately financed atomic reactors. 


Polaris Program: Worthington is furnishing all high-pressure compressors 
for this recent crash program. Polaris is the name given to the Navy’s 
top-priority ballistic missile carrying nuclear submarine project. 


N. S. S. Savannah (first nuclear merchant vessel) will go to sea with 
Worthington reactor system charging pumps, many other items of second- 
ary cycle and ship’s equipment. 


Participation in informal study groups with reactor builders, architect- 
engineers and government agencies has added to Worthington’s nuclear 
“‘know how’’. From these studies come improvements in products and 
cycles, new basic ideas. 


Production experience has resulted in a new article on the Art of Manu- 
facturing Nuclear Components. Now published, a copy is yours simply by 


tai hi ; . : ; 
WORTHINGTON writing: Worthington Corporation, Section 106-1, Harrison, New Jersey 





THINKING OF 
A NUCLEAR 
POWER PLANT’? 


Ebasco has more than fifty-three years’ experience in the planning, 
designing and construction of over 23,000,000 kw of power plants, 
completed or in process, in the United States and abroad. Let this 
experience assure you of practical and economical results in the 


application of atomic energy. 


Ebasco performs the following nuclear 
engineering services for clients: 


Reactor Systems Evaluations 

Design of Nuclear Plants 

Construction of Nuclear Plants 

Hazards Analyses 

Start-Up and Testing of Plants 

Training of Operating Staff 

Engineering and Economic Investigations 
@ Research and Development Assistance 
@ Nuclear Investment Consultation 
@ Coordination with Government Agencies 





ee weet, 


Consulting Engineering + Design & Construction + Facilities Planning 


Sin ue 
ESs CONSY ¢ Financial & Business Studies + Industrial Relations + Insurance, 
@ Pensions & Safety * Purchasing, Inspection & Expediting + Rates & 
Pricing + Research + Sales & Public Relations * Systems, Methods & 


NEW YORK + CHICAGO + DALLAS - PORTLAND, ORE. Budgets + Tax + Valuation & Appraisal + Washington Office 


SAN FRANCISCO - WASHINGTON, D. C. 
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Atwood's accelerometer, in 1846, 
Performed remarkably well for its day. 


* ACCELEROMETERS 


Now, because of their outstanding accuracy, reliability, and service life, 
Statham accelerometers are specified in practically every major missile 
project in the free world. These versatile instruments are measuring 
with equal facility and utmost accuracy both the powerful linear 
accelerations associated with launchings, and the almost infinitesimal 


angular accelerations involved in spatial navigation. 


The precision of Statham instruments is typical of the “progress in 
measurement” that has come about within a single lifetime; however, 
the need for progress has not ended. Using the same inventiveness 
that produced the unbonded strain gage and made possible the 
present “state of the art,” Statham research and development continues 
to set the pace for advancement in accurate, dependable 


measurement for ground, airborne, and space environments. 


For specifications on Statham’s full line of accelerometers, write for 


Data File NUC-595-1. 


- 


Unbonded Strain Gage and Inductive J.iquid Rotor 
Angular Accelerometers 

Unbonded Strain te and Inductive 
Linear Acce eters 

Temperature-Con d Accelerometers 


INSTRUMENTS, INC. 12401 West Olympic Boulevard, Los Angeles 64, California 





. To new members of the 
Special Introductory Offer ELECTRONICS and CONTROL ENGINEERS’ Book Club 


GIVEN TO YOU WITH A CHARTER MEMBERSHIP 14 VALUES FROM 


AND SENT WITH YOUR FIRST SELECTION $6.50 to $18.00 








Puptisher’s _ Publisner's Publisher's 
Price, Price, Price, rice, 
$10.50 $6.75 7.75 $12.50 

Club Pr ce, Club Price, Club Price, Club Price, 
$6.40 $3.95 $5.75 $6.60 


Club Price, 
$10.65 


Reactor Shielding Design System Engineering by H. H. Introduction to Atomic Phys- Control of Nuclear Reactors Pulse and Digital Circuits by 
Manual edited by T. Rock- Goode oan R £. Machol. ics, 2nd Ed., by O. Olden- and Power Plants by M. A. J. Millman and H. Tau 
well, II]. Methods and data Helps you solve design prob- berg. Relates theoretical Schultz. Enginecring ap- xplains circuits for effective 
for designing reactor shields. lems of large-scale systems. ideas to experimental facts. proach to control of reactors. electronic system design. 


Publisher's Publisher's 
rice, Price, 
$9 $7.50 
Club Price, Club Price, Club Price, ice, Club Price, 
$5.50 $7.65 $6.40 $15.30 $6.75 


Principles of Numerical Anal- Passive Network Synthesis by Electronic Analog Computers Television Engineering Hand- Modern Mathematics for the 
sis by A. S. Householder. J. E. Storer. Covers both by G. A. and T. M. Korn. book by D. G. Fink. Modern Engineer edited by » Oe 
or setting up and evaluating realization methods and ap- Practical treatment of d-c data needed to design and Beckenbach. Applies advanced 
computing routines. proximation techniques. analog computers. operate TV equipment. mathematics to technology. 


How many of the books shown here do you wish you had immediately at hand? 


Select one AS A GIFT! Choose from Passive any twelve months there will be at least three Send no money now. Just check any two 
Network Synthesis, System Engineering, Pulse you would buy anywa By joining the Club books you want—one FREE and one as your 
and Digital Cirewits, and seven other valuable you save yourself the ther of searching and first Club selection—in the coupon below. Take 

. «+ your introduction to membership in shopping, and save in cost about 15 per cent advantage of this offer now, and get two books 
the Electronics and Control Engineers’ Book from publishers’ prices. for less than the regular price of one. 


Club. 


If you're missing out on important technical 
literature—if today’s high cost of reading curbs THIS ‘eel ei-te). i) WORTH UP TO 
the growth of your library—here’s the solution to 
your problem. The Electronics and Control En- 
gineers’ Book Club was organised for you, to 
provide an economical technical reading program 
that cannot fail to be of value to you 


All books are chosen by qualified editors and 

consultants. Their thoroughgoing understanding 

standards and values of he literature in 

your field guarantees the authoritativeness of the 
selections 


How the Club tes. Every second month 
you receive free charge The Electronics and 
Control Engineers’ Book Bulletin (issued six 
times a year). This gives complete advance 
notice of the next main selection, as well as a 
number of alternate selections. [f you want the 
main selection you do nothing; the book wil! be 
mailed to you. If you want an alternate selec- 
ten... or if you want no book at al! for that 
two-month period notify the Club by re- 
turning the form and postage-paid envelope en 
chesed with your Bulletin NO RISK GUARANTEE: If not completely satisfied, you may —Modern Mathematics for the 

We ask you to agree only to the purchase of return your first shipment within 1) days and your member- nsineer 
three books im a year. Certainly out of the ship will be canceled FNU-3 
large number of books io your field offered im & 
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The McGrew-Hill Electronics and Control Engineers’ Book Club, Check 2 beaks: Wo will cond the | 
330 West 42 Street, New York 36, N. Y. P. O. Box 97. FNU-3 higher priced book as your FREE | 
Please enroll me as a member of the Electronics and Control book: 

Sagincess Book Cine. I am to receive my FREE .- — 

with my first selection, both checked at the right. ou will a . Fo . 
bill me for my first selection only at the special club price Senetes Shielding Design 
plus a few additional cents for postage and handling. (The a ; 
= me = — a prepaid orders.) ‘ry ~ —System Encineering 

selections wi descri to me in advance and may de- a . : -. 
cline any book. I need take only 3 selections or alternates introduction to Atomic Physics 
in 12 months of membership. —Control of Nuclear Reactors 
and Power Plants 


—Pulse and Digital Circuits 

—Principles of Numerical Anal- 
sis 

—Passive Network Synthesis 

—Electronic Analog Computers 


Co » aes Engineering Hand- 














Fuel for Nuclear Power Plants 
from Westinghouse 


Complete Cores for Nuclear Reactors 

Fuel Elements — Metallic and Oxide 
Structural Components 

Control Rods 

The Westinghouse Atomic Fuel Department, a 
privately owned manufacturing facility cleared 
and licensed by the Atomic Energy Commission, 
produces all of these items. 

Latest methods of processing, manufacturing 
and quality control are used. Specialized equip- 
ment for mixing, pressing, sintering and grind- 
ing of oxide pellets and for cladding, flanging, 
pickling, inert-atmosphere welding, vacuum- 
annealing, liquid honing and corrosion-testing 
of metallic fuel plates and assemblies insures 


vou can oe sure...ers Westinghouse 





highest quality production of all cores and 
components. A completely isolated, air-condi- 
tioned high bay area permits dust-free, vertical 
assembly of complete cores. 

For your nuclear fuel and complete reactor 
core requirements, call or write: Westinghouse 
Electric Corporation, Atomic Fuel Department, 
P.O. Box 217, Cheswick, Pennsylvania. 7° 


OTHER WESTINGHOUSE COMPONENTS 
FOR NUCLEAR POWER 
Instrumentation & Controls; Control Rod 
Drives; Coolant & Slurry Pumps and Valves; 
Radiation Monitoring & Detection Equipment; 
Steam Generators 


WATCH “WESTINGHOUSE LUCILLE GALL-DEGI ARNAZ SHOWS" 
CBS TV MONDAYS 








4 new high temperature Inco Nickel Alloys 
of interest for nuclear applications 


Incoloy “T"’’* titanium-containing nickel-iron-chromium alloy —a 
modification of Incoloy* nickel-iron-chromium alloy with improved 
tensile and rupture properties. Has excellent oxidation resistance 
up to 1600°-1700°F. 





Incoloy “901"* nickel-iron-chromium alloy — matches the mechani- 
cal properties of Inconel ““X’’* age-hardenable nickel-chromium alloy 
at temperatures up to 1350°F. 





Inconel ““702"* aluminum-containing nickel-chromium alloy shows 
exceptional oxidation resistance with moderate strength at high tem- 
peratures (2000°-2400°F). 





Inconel ““713C"’* nickel-chromium cast alloy has outstanding rup- 
ture strength at 1700° and higher, good resistance to thermal shock, 
and good castability. 





“Registered trademark 


Want more data on these new Inco Nickel Alloys? 
Shapes and sizes of stock? Can you use technical THE INTERNATIONAL NICKEL COMPANY, INC. 
4», New York 5, N. Y. 


help in solving problems of metal corrosion, high 67 Wall Street % 
and low temperatures? It’s yours for the asking. AQ, 


INCO NICKEL ALLOYS PERFORM BETTER LONGER 
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MARCH, 1959 


Operation Sunrise 


The General Electric Co. proposes a vigorous program 
to carry three complementary boiling-water concepts from 


the demonstration stage to a competitive position by 1970 


By KARL COHEN and E. ZEBROSKI! 
Atomic Power Equipment Dept., General Electric Co., San Jose, California 


OPERATION SUNRISE is a technical de- 
velopment program for achieving com- 
petitive nuclear power in the United 
States with boiling-water reactors. It 
is composed of three major phases: 
developmental, evolutionary and target. 
Each phase in turn is subdivided into: 
* Research and Development 
® Engineering and Testing 
* Plant Construction 
® Operating Experience and Improve- 
ment 

The objective of the developmental 
phase is to have a group of small- and 
medium-sized pilot plants in operation 
by 1962. Small plants permit maxi- 
mum increments of technology, at 
least cost and at the highest rate of 
progress. 

The objective of the evolutionary 
phase is to have some larger plants in 
yperation by 1965. These plants ex- 
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ploit the results of the first phase, and 


‘make the first approach to optimiza- 


tion of the superior design conditions. 
They should produce power at about 
8.5 mills/kwh.* 

The target phase has as its objective 
full-sized power plants, in operation by 
1970, producing power at approxi- 
mately 6.5 mills/kwh.* 

The program builds on the favorable 
results of a feasibility stage that is 
still proceeding. This phase includes 
the Borax and SPERT series of re- 
actor experiments, the EBWR and 
VBWR prototypes, the 60% com- 
pleted Dresden and the newly com- 
mitted Humboldt Bay and SENN 
power stations. 

The chart on page 64 shows typical 


* For 70% load factor and 14% capital 
charges. 


time-schedule relationships for the 
existing and projected plants. The 
ratings and characteristics of the 
projected plants are given in the table 
on page 66. 

Sunrise will pursue three main lines 
of boiling-reactor design: 
® Natural-circulation boilers 
® Forced-circulation boilers 
® Nuclear superheater boilers 


The forced-circulation boilers have two 
main variations in plant outline. The 
entire circulating water loop may be 
contained within the vessel in the 
“compact version” (Fig. 1b, p. 64), or 
be partly external to the vessel in the 
“‘high-power-density”’ version (Fig. 
le). 

Superheater boilers also have two 
versions (Fig. 2). In the integral 
superheater (Fig. 2a) there is a two- 
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NCB-4, typical plant in nat- 
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HPD-3, typical plant in high-power-density 
forced-circulation series 
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TYPICAL TARGET PLANT—HPD-4 plus 
separate superheater 


Boiling-Water-Reactor Directory 





APS-1 = Boiling and superheat test sections of Atomic 
Power Station #1 (USSR) 

Borax = Borax reactor experiments (AEC-Argonne) 

C = “Compact” forced circulation series (Sunrise) 

Dresden = Dresden, Illinois plant (GE-Common wealth 
Edison) 

EBWR = Experimental Boiling Water Reactor (AEC- 
Argonne) 

Elk River = Elk River, Minn (ACF-Rural Coop. P. A.) 

HPD = High-Power-Density forced circulation series 
(Sunrise) 


PLANNED EVOLUTION OF OPERATION SUNRISE 


is charted at left. Development of boiling-water-reactor concept would 
concentrate on three major design types (red- and black-shaded areas), 
two of which would be divided into subtypes. Chart shows main lines of 
descent through which proposed Sunrise plants (red and black labels) will 
inherit technical information and operating 
water ancestors. Critical dates (scale at left of chart) and design 
parameters (see table, p. 66) are firmer for earlier (heavily shaded labels) 
Sunrise plants than for later ones (lightly shaded labels). 
left show typical plant layouts. Directory of reactors is given below 


experience from boiling- 


Drawings at 
FIG. 1 


Humboldt Bay = Humboldt Bay, Calif plant (GE- 
PG&E) 

ISH = Integral superheater series (Sunrise) 

NCB = Natural circulation series (Sunrise) 

NSP = Northern States Power (Allis-Chalmers-Central 
Utilities) 

RWE = West German (GE-European Util.) 

SENN = Puntafiume, Italy plant (GE-SENN group) 

SPERT = Special Power Excursion Reactor Test (AEC- 
Phillips) 

SSH = Separate superheater series (Sunrise) 

Swiss = Proposed Suisatom plant (GE-Swiss Util.) 

VBWR = Vallecitos Boiling Water Reactor (GE-PG&E 





pass core with boiling and superheating 
regions. In the separate superheater 
(Fig. 2b) a separate reactor, water- 
moderated and steam-cooled, super- 
heats the steam produced in a boiling 
reactor. 

We propose to obtain operating ex- 
perience in parallel sequences of small 
and medium-sized plants, limiting the 
degree of novelty of each new plant to 
a point where firm construction and 
operating schedules can be met. As 
the scale of a reactor increases, delays 
or changes become more expensive. 
It is for this reason that the program 
begins with small reactors where con- 
siderable risks are tolerable. 

This multiple approach gives as a by- 
product the maximum chance of success 
to the program, since failure to realize 
the expected potential of a novel 
feature in a particular schedule does 
not compromise the over-all program. 


Sunrise Strategy 


The sequence of plants and related 
developments proposed under Sunrise 
is designed to fill the gap between the 
present knowledge and that needed to 
produce the target plants. Each pro- 
jected plant has associated with it 
prior stages of research and develop- 
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ment, engineering and component 
testing, and subsequent stages of 
operational improvement. The suc- 
cess of the program does not depend on 
rigid adherence to dates and plant 
sizes, but on the proper interrelation- 
ship between successive plants and 
development programs. However, a 
change in any one plant or develop- 
ment program would require read:ust- 
ment of all the dependent or related 
activities. The chart (opposite page) 
illustrates one combination that meets 
all necessary requirements. 

The schedule of plants in each 
design series reflects the following 
consideration: 
® Minimum-size test plants can be 
built with only small-scale test ex- 
perience on the novel features. 
®Larger plants require successively 
larger amounts of actual reactor opera- 
tion on novel features, ranging from 
six months for a 50-Mw/(e) plant to 
eighteen months for a 200-Mw(e) or 
larger plant. 

*The number of novel features 
simultaneously included in a new plant 
is inversely proportional to the risk 
involved in each novel feature. 

® The size and duration of the support- 
ing research, development and test 


work should be feasible with the facili- 
ties available at the time. 

Although each main reactor design 
variation is laid out through to the 
completion of a target economic plant, 
not all of the five series would be 
carried this far. During the program 
there will be “branch points” (at 
times that can now be roughly identi- 
fied) at which one of two alternatives 
will be chosen. 

For example, the high-power-density 
and compact series of forced-circula- 
tion boilers will very likely fuse into 
a single type with the characteristics of 
one of the parents dominating but 
incorporating the successful features of 
the recessive parent. The number of 
plants actually constructed would 
hence be about two-thirds the total 
number of Developmental and Evolu- 
tionary plants shown in the chart and 
the table. However, at least one, and 
possibly two plarts of each main 
variety are technically necessary. 

All three of the basic reactor design 
approaches share the same technology 
with respect to reactor design, reactor 
core physics, fuel and structural ma- 
terials, plant layout, and control. The 
superheaters differ mainly in that 
ferrous alloys rather than zirconium 
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Typical Characteristics for Sunrise Plants 





Throttle 
pressure 
(psig) 


Projected Fuel-cycle 
cost|| cost estimate 
(10° 8) (mills/kwh) 


Nominal 
ratingt 
[Mw(e)] 


Piani 
designation * 


Heat rate 
(Btu/kwh) 


Operating 
date 


NCB-2t 50 
C-1 25 
C-2 100 
HPD-1 25 
HPD-2 100 
SSH-1 150 
ISH-1 50 
NCB-4 100 
C3 200 
HPD-3 200 
SSH-2 325 
ISH-2 200 
NCB-5 300 
HPD-4 300 
C-3 + SSH 300 
HPD-4 + SSH 460 





6/62 
1/61 
6/64 
6/61 
6/63 
1/63 
6/63 
6/64 
1/66 
1/66 
1/65 
6/66 
1/69 
1/70 
1/70 
1/71 


11,930 
12,450 
12,040 
12,150 
11,400 
9,650 
10,300 
11,990 
10,770 
10,680 
9,500 
9,300 
11,500 
10,500 
9,440 
9,100 


1,000 

1,000 

1,000 

1,465 

1,465 

915 (825° F) 
940 (825° F) 
1,000 

1,465 

1,465 /665§ 
915 (900° F) 
1,000 (100° F) 
1,000 

1,465 /665§ 
1,400 (900° F) 
1,415/665§ (1,000° F) 


19.5 
(12.5) 4 
33.0 
(15) 4 
36.0 
(46) { 
(23) { 
31.5 
48.4 
51.7 
69.3 
47.0 
(63) 4 
67.6 
58.9 
81.7 


w 


te tw w 
Conor aark De Os 


Developmental 
plants 


™ bo 


o> 
w 


~ 


Evolutionary 
plants 


“1 


Target plants 


em DO DO to tS lb bt 
© 


~I 


* See box, p. 65. 
+ Design-study rating 
t Humboldt Bay Plant, Pacific Gas & Electric Co. 


§ Dual-cycle conditions 
{ Costs not based on detailed estimates 
|| Exclusive of research and development 


are presently required for fuel cladding 
in the superheated-steam region. 
perheater reactors using moderators 
other than light water are possible (for 
example, graphite, or heavy water). 
Based on limited evidence, our opinion 
is that they offer no economic advan- 
tage over the light-water-moderated 
superheaters. 

At present each of the three main 
types has a probable range of preferred 
applications. 


Su- 


The natural-circulation 
boiler provides simplicity and low 
first cost. It is the chief contender for 
small units, up to about 50 Mw/(e) 
currently, and eventually to somewhat 
larger sizes, perhaps near 100 Mw/(e). 

For single units with rating over 
100 Mw(e), the increase in performance 
of the reactor core and 
forced circulation more than pays for 
the cost of the pump so that forced- 
circulation boilers 
vantage over natural circulation. Fur- 
thermore, forced circulation permits a 
unit capability with present technology 
in excess of 250 Mw(e), and eventually 
in excess of 350 Mw(e). 

We expect superheaters to be most 
advantageous in large or extremely 
large units. Integral superheaters up 
to about 200 Mw(e) are complemented 
by separate superheaters for ratings 
from about 200 to over 450 Mw(e). 
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vessel with 


show a cost ad- 


Development Philosophy 


Operation Sunrise is founded on a 
philosophy of reactor development de- 
signed to provide the quickest and 
cheapest approach to competitive nu- 
clear power in the U. 8. 

The customary stages in the develop- 
ment of a large power-reactor system 
are conceptual design, feasibility study, 
pilot plant and demonstration reactor. 
It is not until the demonstration stage 
that any quantitive measure of the 
reactor system’s economic potential be- 
comes possible. 

Of the reactor systems that have 
the point of reliable 
estimation, none currently competes in 
an appreciable fraction of the U. S. 
market with fossil-fuel power plants. 
Nor is this achievement claimed for 


reached cost 


any of the known candidate systems 
when, or if, they reach a comparable 
stage of development (the demonstra- 
tion plant). 
sidered a discouraging result for the 


This should not be con- 


prospects of competitive nuclear power, 
since the reasons for the initial high 
costs do not prejudice the possibility 
of their ultimate reduction. 

The first reason for high costs in a 
first-generation reactor is the unequal 
the various com- 
For example, surplus capac- 


performance of 
ponents. 


ity in one component may be unusable 


because of a weakness in another. 
This disparity may arise either because 
the development of the various com- 
ponents has not been equally success- 
ful, or because the plant design was not 
optimized with the benefit of hind- 
sight. Improvement of performance 
over the first-generation plant can be 
accomplished by better balancing of 
characteristics, and by further inten- 
sive development effort on the lagging 
components. Further, engineering 
specifications and safety margins can 
be made more realistic as knowledge is 
caution as 


substituted for a design 


basis. This area of potential improve- 
ment is well understood and heavily 
relied on in projections of “second 
plant’’ economics. 

Another serious reason for high initial 
costs has not been adequately empha- 
sized. Component manufacture for 
the demonstration plant is necessarily 
on a custom basis, with high engineer- 
ing and tooling costs, little automation, 
and unusual development and testing 
expenses. High costs lead to low vol- 
ume, and vice versa. Further, during 
the starting phases of any industry, 
producers tend to spread themselves 
over broad product lines. This results 
in excessive duplication of facilities. 
Similarly high initial costs also occur in 
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plant construction and startup. Lack 
of continuity of nuclear construction 
work leads to high engineering and 
learning costs on each construction job. 

Thus, in addition to cost factors that 
depend on engineering development, 
there are equally important ones that 
will persist until some continuity is 
introduced into the nuclear energy 
To achieve more than just 
a marginal market for nuclear power 
both of these cost-contrib- 
uting areas must be attacked. 

In performance-oriented research 
and development (e.g., weapons-sys- 


industry. 


stations, 


tems development), technical goals are 
all-important, while manufacturing and 
construction distinctly a 
However, in 
research and develop- 
ment, technical progress cannot even 
be determined without reference to 
manufacturing and construction costs. 
For example, the development of re- 


costs are 
secondary consideration. 
cost-oriented 


actor systems that avoid fabrication of 
solid fuels not in fact be as 
“progressive” as work directed to 
reducing the cost of solid fuel elements. 
In a successful attack on the economics 
of nuclear power the measures of 
technical progress must keep pace with 
the technical advances. Technical ad- 
vances, manufacturing improvements, 
plant construction and operating ex- 
perience must be programmed simul- 
taneously, neglecting none at the 
expense of the other. In particular, 
construction of several closely related 
power-plant prototypes is essential, 
since in no other way can significant 


may 


Cost of Sunrise 


The General Electric Co. places the gross cost of Operation Sunrise 


at about $128-million. 


operating experience be obtained and 
in no other way can construction and 
manufacturing procedures give mean- 
ingful economic data. 

Experience shows* that pilot-plant 
and demonstration-plant criticality 
alone are separated by about four years. 
This is the time it takes to obtain oper- 
ating experience on a new concept, and 
to design and construct a sizeable plant 
on this knowledge. The lifetime of the 
fuel—three or four years on current 
American designs—ajso tends to meas- 
ure the distance between successive 
large improvements in long periods. 
The development stages for any reactor 
type will thus be long and since they 
include plant construction, inevitably 
expensive. 


Choosing a System 


Only a limited number of systems— 
limited both because of expense and 
because an excessive number detracts 
from the economic potential of all—can 
be developed in depth to a point of 
high economic and technical perform- 
ance. When do we have enough evi- 
dence on any system to conclude that 
it should be one of this limited number? 
We shall show that for boiling-water 
reactors: 
® There is good information on present 
costs, and performance of pilot reactors 
has been satisfactory over a wide 
range of operating conditions. (See 


* Calder Hall A 1956, Bradwell 1961; 
SRE 1957, Hallam (Nebraska) 1962; STR 
Mark-I 1953, Shippingport 1957; Borax-III 
1955, Dresden 1959; etc. 


This $128-million includes about $90-million 


for the construction of four new developmental boiling-water plants 
and $38-million for the research, development, and test activities 
required to design and build those plants and to extend their con- 


cepts into the evolutionary plants to follow. 


This figure does not 


include the cost of the evolutionary or target plants because those 
plants, wherever they are built, will be economically justified as a 


conventional plant would be. 


Note that only four new developmental plants are called for. 


This 


is because, of the seven plants exhibited on the chart (p. 64) and 
the table, we estimate that only five néed to be built, and one devel- 
opmental plant (50-Mw(e) natural circulation, i.e., Humboldt Bay) 


has already been committed. 


To put the figure of $128-million into perspective, it is less than one- 
half of the amount committed by industry to nuclear power in the 
last four years—and about equal to current annual AEC expenditure 


on civilian power reactors. 
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Appendix for more detailed discussion. ) 
® The technology is well- and widely- 
established within American industry. 
(See Appendix for detailed discussion.) 
*The technical developments that 
combine to insure superior performance 
can be identified and can be achieved 
individually. 

*The foregoing technical develop- 
ments, plus programmed manufactur- 
ing-cost reductions, will lead to com- 
petitive nuclear power in the United 
States. 

In our judgment these characteristics 
justify recommending a program of 
development-in-depth of boiling-water 
reactors at this time. Intensive pro- 
grams on a limited number of other 
reactor types may also be justified 
when they reach the same develop- 
ment status. 

Since the gap between the developed 
systems and a novel system will in- 
crease with the passage of time, a time 
will never arrive when all systems can 
be compared on equal states of develop- 
ment. If attractive systems in ad- 
vanced stages of development are held 
up for two or five years in the hope of 
certain knowledge of the ultimate best 
system, we are bound to disappoint- 
ment. There will always be new, un- 
developed systems with a broad range 
of projected costs, including any de- 
sired low number. What we can be 
certain of is that we will not reach 
economic power in 1970 (the goal sug- 
gested by both the Joint Committee 
on Atomic Energy and the AEC’s recent 
“Ad Hoc” committee) unless we start 
right now on development-in-depth of 
the most advanced systems. 


Technical Objectives 


The technical objectives that lead to 
reduced capital costs in boiling-water 
reactors are: 

® Design simplification 

®Increased average power density 
(from 30 to about 60 kw/liter) 
Increased thermal efficiency (from 
28 to 35%) 

®Lower cost for plant layout and 
containment 


® Increased reliability (low over-all 
utility-system costs) 
The specific performance objectives 
may not all be reached simultaneously, 
since some of them require compromise 
with one of the other objectives we have 
listed. 

As we have seen, cost reductions 
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resulting from these technological goals 
must be supplemented by manufactur- 
ing-cost reductions. Obtaining both 
improved performance and manufac- 
turing-cost reductions simultaneously 
is possible since many common or 
similar components are used in all 
boiling-reactor plants. 

In addition fuel-performance objec- 
tives can be stated for a target of 
2 mills/kwh:* 

Increase specific power from 10 to 
20 kw/kg. 

® Increase fuel lifetime from 10,000 to 
15,000 Mwd/ton average burnup. 

© Fuel for higher-temperature service 
(up to 1,000° F steam-outlet temper- 
ature). 

® Fuel and core configurations of im- 
proved neutron economy over present 
designs. 

Beyond these objectives, fuel-manu- 


* Total cost of fuel cycle and first-core 
capitalization. 





FIG. 2a. 
superheater series 
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Core and vessel design for ISH-1 reactor in integral- 


facturing-cost reductions are expected 
from improved design and repetitive 
manufacturing. Both fuel-manu- 
facturing and some fuel-performance 
improvements are necessary to attain 
the economic targets. Here again 
objectives may interfere with each 
other—for example, higher tempera- 
ture may be attained only at some 
expense in neutron economy. 
Concerning the extent to which the 
above lists of technical objectives will 
be realized, the situation is the same 
as in the design of a first-generation 
demonstration plant. The optimum 
balance of characteristics can be 
set only after operating experience 
has provided their economic measure. 
Each of the different design concepts 
permits exploitation of the limits of 
one or more of the technical objectives 
(listed above) that lead to lower 
capital costs and to lower fuel costs. 
For example, the natural-circulation 
boiler (Fig. la), since it is simple and 





Woter inlets 


Control-rod drives 


heater series 


compact in design, lends itself to novel 
containment schemes such as “ pres- 
sure suppression” (see Appendix) that 
offer considerable reduction in reactor 
containment costs. 

The ‘“compact”’ (Fig. 1b) 
uses a single large axial-flow pump 
whose impeller is within the reactor 
vessel. While it retains much of the 
compactness of the natural-circulation 
boiler it also permits higher 
performance and larger unit ratings. 

The forced-circulation reactor with 
external pumps offers the best possi- 
bility for high reactor-core power 
density and, hence, the most direct 
approach to maximum-size single units. 

Superheat reactors allow a thermal 
efficiency in the range of 35%-37% 
net cycle efficiency with present ma- 
terials technology. The incentives for 
nuclear superheaters are different from 
those for fossil-fired superheaters. A 
nuclear superheater has essentially the 


series 


core 


same fuel cost as the boiling reactor 


Biological 











Core lattice 


FIG. 2b. Core and vessel design for SSH-2 in separate-super- 
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operating on a saturated steam cycle. 
The cost of the core for the superheater 
is higher than that for the saturated 
cycle, and this offsets most of the 
improvement in fuel consumption due 
to improved heat rate. Consequently, 
the main potential effect of superheat 
is on capital costs rather than fuel 
costs. 

Likewise in the area of fuel costs 
increased specific power in the fuel, for 
example, can be most directly explored 
in the foreced-circulation reactors. Im- 
provement in conversion ratio is also 
best obtained in the forced-circulation 
reactors because of the greater flexi- 
bility in lattice spacing, compared with 
the natural-circulation reactors. Some 
configurations of integral superheaters 
have possibilities of superior neutron 
economy. 

The areas of compromise between 
technical objectives also differ for the 
various design approaches: In the natu- 
ral-circulation designs increased output 
can be obtained by increased flow rate 

i.e., high chimney), but the degree of 
design flexibility is less than can be 
obtained with circulating pumps. The 
simplicity of natural circulation is thus 
obtained at the price of somewhat 
limited density and limited 
rating for a single unit. The ‘“com- 
pact”’ version of the forced-circulation 
boiler requires the development of a 
novel control system, and depends on a 
single recirculating pump. Power den- 
sity is limited by the requirements of 
internal steam separation. 

In forced-circulation boilers with ex- 
ternal pumps neither the core pressure 
drop nor the surface needed for steam 
separation limits power output. But 
the higher core power density and 
larger unit ratings possible with this 
concept the expense of a 
physically larger and more complex 
plant layout than either the natural- 
the compact 


power 


come at 


circulation plants or 
plants. 

Although superheated steam con- 
ditions result in lower turbine- and 
feedwater-system costs they require a 
more complex reactor vessel and core 
structure. Furthermore, the super- 
heater is at an earlier stage of develop- 
ment than the saturated steam types. 
As shown in the chart on p. 64, test 
reactor or in-pile loop operation has 
yet to start (except for the interesting 
but not informative Russian test). 
Some easily discernible superheater 
problems are: 
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® Fuel corrosion, erosion and radio- 
activity transport 

® Thermal stress and thermal shock 
in transients 

*Load matching of boiler and super- 
heater 

® Mechanical design of eore and vessel 
structure 

While none of the problems seems in- 
soluble, the first demonstration of a 
coherent over-all design approach that 
has economic promise is still some 
years away. 


Fuel Costs 


Under the Sunrise program a major 
part of the research and development 
funds allocated to advanced plants will 
be in the fuel area. Improvements in 
basic process or materials technology, 
including improvements in materials or 
manufacture (such as the development 
of swaging or extrusion instead of 
pelletizing) that are realized in other 
programs, will contribute importantly 
to a reduction in fuel costs. Neverthe- 
less, a continuing effort to apply fuel- 
fabrication processes and procedures 
to specific core and system designs is 
required to translate general improve- 
ments into cost reductions. 

A major obstacle to rapid improve- 
ment in fuel costs is the time required 
to test fuel of long lifetime. This will 
be somewhat alleviated by the planned 
increases in fuel specific power. The 
number of different core loadings in the 
Sunrise program, and the scale of the 
development work* should permit 
lowering fuel costs in spite of this 
obstacle. 

The programmed performance- and 
manufacturing-cost improvements, to- 
gether with expected reductions in costs 
of zirconium mill products and costs of 
chemical conversion, lead to the fuel- 
cost projection shown in Fig. 3. The 
fuel costs for successive plants in the 
Sunrise 
specific reactor geometry; the smaller 
reactors (early years) suffer in the 
comparison because of greater neutron 
leakage. In estimating the fuel costs, 
charges (for U**® and chemical re- 
processing) are computed using current 
AEC price schedules. Plutonium is 
credited at $10.50/gm net. 


sequences also depend on 


* In addition to fuel development associ- 
ated with projects outside this program, the 
over-all budget for research, development 
and engineering testing for Operation Sun- 
rise over the next seven years is $38 million, 
a major fraction of which is assigned to fuel 
development. 


Power Costs 


The distribution of capital cost of 
fossil-fired power plants in the United 
States, as a function of plant size, can 
be summarized as follows: 


Rating Median cost Third quartile 
[Mw(e)] ($/kw) ($/kw) 


50 190 240 
215 
190 
160 


170 
150 
130 


Here all costs are in 1957 dollars and 
price levels; 75% of all plants have 
a cost less than the figure in the last 
column; 50% have less than the figure 
in the middle column. 

Local practices and conditions are 
responsible for the cost’ spread. Nu- 


FIG. 3. Fuel costs for different reactor 
types in Operation Sunrise 


clear power plants existing or under 
construction are in high-construction- 
cost areas and cost projections given 
in the tabie are likewise for these areas. 

Coal-fired plants that have capital 
costs in the top 25% bracket generally 
are in the high-fuel-cost areas of the 
country. The fuel-cost differential be- 
tween these fossil plants the 
Target Plants leads to a capitalized 
advantage for the Target Plants of 
about $50/kw.* 

Figure 4 compares the cost estimates 
for the developmental, evolutionary 
and target plants, with new coal-fired 


and 


* For example, the average contribution 
of fossil-fuel costs to power costs in New 
England in 1970 is estimated to decrease to 
3.2 mills/kwh. The nuclear-fuel costs for 
the Target Plants are about 2.0 mills/kwh 
Using a 70% load factor and 14% capital 
charges, the equivalent capitalization of 1.2 
mills/kwh is $52/kw. (All costs in 1957 
dollars.) 
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FIG. 4. Capital costs of nuclear vs. 
coal-fired plants. Costs of 25% of 
new coal-fired plants lie above curve 
A. Curve B is competitive cost for 
nuclear plants obtained by adding 
$50/kw (equivalent of 1 mill/kwh fuel- 
cost advantage enjoyed by nuclear 
plants) to A. Colored bands (top to 
bottom) refer to developmental, evolu- 
tionary and target plants 


plants in the top 25% 
bracket. 

The (effective) capital costs of the 
coal-fired plants have been adjusted 
upward by $50/kw of the 
fuel-cost advantage nuclear 


ca pital-ec yst 


because 


of the 


APPENDIX 


Basis of Knowledge for Sunrise 

Reactor Stability. The stability of the 
boiling reactor was explored qualitatively 
in the Borax reactor 
quantitative measurements on the EBWR 
at Argonne have provided tests of transfer- 
function 
Feed-back analysis of such systems permits 
the prediction of the reactor 
various transients, 


series. Subsequent 


models for the reactor system 
response to 
and the estimation of 
the probable stability limits of a new design 
Recent publications (/, 
status of stability data and its analysis 

The basic 
stability of boiling reactors are understood, 
and quantitative descriptions of the major 


summarize the 


mechanisms controlling the 


factors have been developed. The design 
conditions for large boiling reactors 
pressures, fuel 
time constant of several seconds, and oper- 
ation with forced than 
natural convection— al! lead in the direction 
of increasing the threshold 
which occur For 
large boiling-reactor designs investigated 
other considerations such as fuel burnout or 
central melting limit the 
tainable output, 
considerations. 

Safety. 
reactor safety have been centered around 
boiling-water reactors. They include the 
SPERT series of experiments, studies of the 
metal-water reactions, and studies of con- 
tainment. These studies have given analy- 
tical and experimental information on con- 
ditions leading to and related to violent 
transients. 

Large power-producing boiling reactors 
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high 


elements with a thermal 


circulation rather 


power above 


oscillations can most 


maximum at- 


rather than stability 


AEC development activities in 


plants.t| This determines a_ target 
curve for the nuclear plants. The 
intersection of the nuclear-plant-cost 
range with the target curve indicates 
the rating and time at which the power 
costs for the two systems are equal. 
On the basis of this projection, the 
Evolutionary plants, the 
200-Mw/(e) successors to the small and 


which are 
medium plants of the Developmental 


sequence, are expected to compete 


in particularly favorable locations. 
The Target Plants are expected to be 
competitive in about 25 % of the steam- 
power market. 

Further projection beyond the Tar- 


get Plants shows equivalent capital 


costs that approach those of 50% of the 


coal-fired plants. However, penetra- 
tion at the 50% level is not demonstra- 


+ Costs of conventional steam plants of a 
given rating are taken as fixed in constant 
dollars. Most of the observed downward 
trend in average steam plant costs is at- 
tributable to an increase of average unit 
rating. See G. B. Warren, “Trends in 
Electric Power Generation Cost,”’ G-E 
Publication GER-1498. 


can be designed so that a violent nuclear 
short of 
From a safeguards standpoint, 


excursion cannot be initiated 
sabotage. 
the maximum credible accidents are deter- 
such as 


While 


the probability of such gross failures is 


mined by mechanical failures 


sudden rupture of piping or vessels. 


extremely low, reactor enclosures are never- 


theless designed to contain them safely. 
Continuing analysis and experimental work 
on factors contributing to possible acci- 
dents suggest 


schemes have promise. 


that simplified containment 
One approach is 
method (3, 4) 
in which energy of the reactor coolant is 
dissipated in a pool of water adjacent to 
the reactor (illustrated in Fig. la). There 
are concepts where the shielding structure 
itself provides all the containment needed. 


the ‘‘pressure suppression”’ 


In addition to the excellent safety posi- 
tion for the (unlikely) maximum accidents, 
the boiling reactor system offers excellent 
safety experience with respect to the typical 
minor accidents from equipment malfunc- 
Most of the hazard 
minor accidents is 


tions and human error. 
potential 
thermal and mechanical effects, in common 
from 
For example, the possible fail- 


from from 


with ordinary boilers, rather than 
radiation. 
ure of the main steam line to the turbine 
between the containment vessel and the 
turbine building results in only a 
release of radioactivity. An individual ex- 
posed to a cloud produced by the instan- 
taneous release of all the water of the 
primary coolant system of a large reactor 
would receive less than the permissible 
emergency dose of radiation (6). 


Turbine contamination. Following over 


minor 


foregoing work: P. G. Aline, 


ble for the decade beyond 1970, since a 
1-mill fuel cost advantage may not yet 
be available for as much as 50% of the 
U. 8. power market. Allowance has 
not been taken for the success of specu- 
lative or unforeseen developments even 
though some “‘ break-throughs”’ can be 
confidently expected in a program of 
this breadth. 
the program or 
deeper penetration of the power market. 


These may serve to ac- 


celerate to produce 


* ” * 


Following is a partial list of the individuals 
who have made significant contributions to the 
R. K. Andersen, 
H. E. Braun, F. E. Cooke, J. H. Crowley, 
B. R. Elder, D. L. Fischer, L. E. Foster, A. E. 
Galson, R. B. Gile, P. Greebler, P. A. Hessel- 
grave, K. M. Horst, J. Kluzak, S. Levy, A. J. 
McCrocklin, P. M. Murphy, J. I. Owens, 
L. S. Richardson, G. M. Roy, J. L. Schanz, 
F. E. Tippets, T. Trocki, J. W. Weil, B. 
Wolfe, W. K. Woods. 

In addition to those listed above, construc- 
tive review and discussions were prov ided by 
the following: V. A. Elliott, O. B. Falls, D. H 
Imhoff, L. Kornblith, T. M. Snyder, S. Un- 
termyer, J. R. Wolcott. 

Special mention is due Dr. R. B. Richards, 
who first suggested, and continually encour- 
aged, the development of Operation Sunrise. 


one year of operation of EBWR at Argonne, 
VBWR at Vallecitos, radiation levels 
are sufficiently low that access to the turbine 


and 


plant for routine maintenance is not signifi- 
For example, the EBWR 
shutdown 


cantly restricted. 


casing ten days after showed 


5 mr/hr at nozzle inlets and 0.2 mr/hr at 

the blading (6). 
The Vallecitos 

turbine 


Boiling Water Reactor 


casing shows about 20 mr/hr at 


full-power operation. For higher-power 
reactors the operating radiation level will 
this will not affect 
nance after shutdown and will cause only 
during 


Average operator exposure for one year of 


increase, but mainte- 


minor inconvenience operation. 
plant operation has been 200 mr (less than 
one week permissible dose). The disassem- 
bly of the VBWR turbine for internal in- 
spection was accomplished in a 70-hr sched- 
The personnel dose was 
less than 75 mr in this operation. In the 
case of Borax-IV, EBWR and the Vallecitos 
VBWR, direct maintenance of the turbine 


ule in one week. 


plant was possible shortly after shutdown, 
with significant 
levels of fission gases from ruptured fuel 


even following operation 
elements. 

The operating experience to date is too 
brief to insure that long-lived radioactivities 
from corrosion products might not build up 
appreciably over many years of operation 
However, steam separation factors in 
VBWR of artificially introduced radioactive 
elements in the coolant were excellent. 
These observations, together with results of 
the first year’s operation, indicate that the 
transport of long-lived radioactivity into 
the steam system will be minor. 
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Fuel life. Individual capsules or single 
rods containing oxide fuel have been irradi- 
ated in several locations to exposures in ex- 
cess of 10,000 Mwd/ton (7). Confirming 
these results, assemblies of Dresden fuel ele- 
ments have been irradiated at Vallecitos 
to over 3,000 Mwd/ton. Irradiation of 18 
such assemblies is under way, and larger 
numbers will be irradiated in the next few 
months. While this data is not conclusive 
statistical proof that the desired high reli- 
ability and integrity of fuel elements have 
been attained, all the indications point to 
the absence of any inherent limitation in the 
fuel materials or the cladding preventing the 
attainment of average irradiation levels of 
10,000 to 15,000 Mwd/ton. Some failures 
are almost certain to be observed in early 
fuel loads, caused by imperfect quality con- 
trol and inspection, or improper handling 
during transportation or loading in the reac- 
These failures will be amenable to 
normal improvements in quality control and 
handling. 

Failed fuel elements. The consequences 
of fuel-element failure is the emission of a 
small fraction of the noble-gas fission prod- 
ucts accumulated in the fuel element, fol- 
lowed by slow leakage of further gas produc- 
The fission gas is removed from the 
condenser air ejector and at expected failure 
rates of fuel elements, can be safely vented 
to a stack. The attainment of high fuel 
integrity to limit emission of gases appears 
indicated above. If the 
optimum balance between fuel-fabrication 
costs and operating costs calls for a moder- 
ate failure rate of fuel elements, stack emis- 
sion can be controlled by providing for a 
holdup period of the gases in compressed 
Further alternatives are available 
in the storage of rare gases on charcoal beds. 
If the gas holdup mode of operation is 
adopted, leaky fuel elements would nor- 
mally be left in the reactor for their full 
lifetime. 

If maintenance of very low leakage rates 
is desired, it is important to locate and re- 
leaking fuel. In the boiling-reactor 
system fission gases are continuously swept 
out of the system. This results in a low 
level of background radioactivity in chan- 
nels not containing leaky elements. The 
problem of distinguishing between leaking 
channels and non-leaking channels is simpli- 
fied accordingly (8). The development of 
leak-location systems based on the unique 
conditions of the boiling-water reactor has 
been under way for over two years, and is 
now in the stage of testing in VBWR. 
reprocessing. Highly efficient and 
low unit-cost chemical decontamination and 
recovery processes are in operation on a 
large scale at the Hanford and Savannah 
River plutonium-production plants. Ex- 
cept for the initial step of removing the fuel 
cladding, the same process technology can 
be used for processing oxide fuels as is now 
used for processing uranium-metal slugs. 
In large-scale operation, processing costs 
well below the current AEC price schedule 
can be attained. On a plant-lifetime basis, 
fuel reprocessing costs of about one-third 
of the present AEC price schedule (which 
is based on a conceptual one-ton per day 
plant design) can be foreseen for commer- 
cial fuel processing when a feed rate of five 
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tor. 


tion. 


promising as 


form. 


plac e 


Fuel 


to ten tons per day becomes available. 


U. S. Boiling-Water Technology 


The rapid development of the boiling- 
water reactor has been due in part to the 
highly developed state of technology of 
water and steam for conventional power 
plants. In addition, the experience with 
water as reactor coolant has been extensive. 
More than fifty reactor years of large-scale, 
reliable operation have been accumulated 
with the water-cooled Hanford reactors. 
Most of the experimental and test reactors 
are also water-cooled and moderated. 

Substantial numbers of pressurized-water 
reactors for submarine and ship propulsion 
have been built and operated (about 10 
operating, 25 under construction, and 14 
more committed). The naval reactors have 
provided a broad base of industrial experi- 
ence in the manufacture of many compo- 
nents which are similar in boiling- and 
pressurized-water reactors. For example, 
pressure vessels, pumps, and valves for 
water reactors have required special care in 
design and in production. The rapid pro- 
curement and stable costs for such compo- 
nents which have been experienced for the 
three boiling reactors in the United States 
(Borax, EBWR, VBWR) are in part a conse- 
quence of the pioneering experience pro- 
vided by the naval reactor procurement 
program. 

The STR (Submarine Thermal Reactor) 
in 1953 pioneered the use of zirconium 
cladding for fuel in water at temperatures 
near 600° F. Since then, reactor-grade 
zirconium has grown from a high-priced, 
unreliable, laboratory material to a conven- 
tional item of commerce. The basic volume 
has been due to naval reactor procurement. 
There are now more than half-a-dozen major 
producers of tonnage quantities of reactor- 
grade zirconium here and abroad. A com- 
petitive market with satisfactory supply and 
price levels now exists and there is strong 
prospect for continued further reduction in 
price levels of both materials and mill 
products. 

The use of uranium-dioxide fuel was pio- 
neered at the Knolls Atomic Power Labora- 
tory (KAPL) for the SIR reactor. Subse- 
quent development and large-scale testing 
of oxide fuels are being carried out at the 
Argonne Laboratory in connection with the 
Borax and EBWR projects, by the Bettis 
Laboratory for the PWR project, and at 
Chalk River for the Canadian heavy-water- 
reactor project. Intensive development of 
materials and processes, as well as testing 
of fuel elements for Dresden and related re- 
actors, is well under way now. The devel- 
opment of uranium-oxide fuels containing 
small amounts of added plutonium oxide is 
being investigated at Hanford as a part of 
the Plutonium Recycle Program. In addi- 
tion to the foregoing major development 
and testing programs, most of the manufac- 
turers of fuel elements, both domestic and 
foreign, have smaller production and test 
programs under way on oxide fuels. 

The favorable performance results ob- 
served in all of the programs to date indicate 
that oxide fuel is easy to fabricate (at least 
for moderate performance levels) and sug- 
gest that increasingly broad competition, 
both domestic and foreign, is in prospect. 


Cost Experience 


Once the feasibility of all of the elements 
of a power-reactor system has been estab- 
lished, further progress depends upon the 
orientation provided by reliable cost infor- 
mation. The relevant cost experience for 
boiling-water reactors is now broad enough 
so that reliable cost estimates can be devel- 
oped quickly with ordinary contingency and 
escalation factors of conventional large- 
scale projects. 

The costs for the Borax and EBWR reac- 
tors built by Argonne Laboratory are en- 
couraging but not necessarily conclusive, 
since they were both experimental facilities 
as well as power plants. The Vallecitos 
Reactor (VBWR), which supplies steam to 
a Pacific Gas and Electric Company power 
plant, is also an experimental facility. 
However, its costs are known on an indus- 
trial basis and are also very encouraging. 

The Dresden reactor project design is 
now 99% complete, and all major compo- 
nents have been procured. The last major 
components—the reactor vessel and the 
turbine—are to be delivered on site by 
March 1959. more than 
60% complete as of January 1959. The 
costs of this project are precisely known and 
are within the estimates made in 1955. 

The SENN reactor for Italy is a 150 
Mw(e) plant which was bid on a commercial 
basis in open competition by nine United 
States and foreign suppliers. Because of 
the standards of World Bank financing, ex- 
tremely detailed specifications were pro- 
vided, and the bids were evaluated by three 
teams of independent power plant and 
reactor experts. The design chosen for 
the contract award represents an effort by 
General Electric, Services, and 
many equipment vendors. The detailed 
cost estimates and vendor quotations for 
this plant are an important supplement to 
Dresden cost information as a basis for cost 


Construction is 


Ebasco 


projections. 

The Humboldt Bay reactor project for 
Pacific Gas and Electric Company is now 
in detailed design, and firm quotations 
for vendor-supplied equipment are being 
received. 

Unlike many other reactor systems, which 
have shown a history of continuous cost 
escalation and schedule slippages, the boil- 
ing water reactor projects have generally 
held their price and construction schedules 
firm. 
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Properties of Zircaloy-2 


By L. S. RUBENSTEIN 


Bettis Plant, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania 


THE DATA COMPILATION adjoining sum- 
marizes the present knowledge of the 
corrosion, mechanical and 
properties of Zircaloy-2. 
Zircaloy-2 is an alloy of sponge zir- 


physical 


conium containing nominally 1.5 wt % 
Sn, 0.12 wt% Fe, 0.05 wt% Ni and 
0.10 wt% Cr. Its use in reactors is 
based on its excellent corrosion resist- 
ance, low thermal-neutron-absorption 
cross section and its structural stability 
at reactor operating temperatures. 
Particularly attractive for reactor- 
fuel cladding is the low thermal-neu- 
tron-absorption cross section of 0.22 
0.24 barn of Zircaloy-2 (1a) [0.18 for 
pure zirconium, which has a scattering 
cross section of ~8 barns (/6)}. 
Zircaloy-2 is vacuum-melted com- 
double-consumable- 
technique. It 
transformation 


mercially by a 
electrode arc-melting 
undergoes allotropic 
from the low-temperature alpha phase 
(close-packed-hexagonal) to the high- 
temperature beta phase 
tered-cubic). This transformation 
plays an important role in the variation 
of corrosion and mechanical properties 

It is very easy to weld, but must be 
controlled 


{ body-cen- 


protected by welding in 
inert-atmosphere boxes or by use of 
efficient inert-gas shields because of the 
rapid rate of contamination with 
oxygen and nitrogen when welded in 
air. Such addition or variation of im- 
purities can cause significant changes 
in mechanical properties and corrosion 
resistance. 

Zircaloy-2 has been fabricated by 
almost all of the known metalworking 
operations. Wire of all gages 
been produced by drawing a rod formed 
by hot rolling or extrusion. Cups have 
been spun, deep-drawn, flow-turned, 
back-extruded impact-extruded. 
Closed-die forgings have been made 
and tubing has been formed by both 
extrusion and welding. Shapes have 
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has 


and 


also been cast using a special vacuum- 
melting and casting technique (2). 
Strip Specifications 

The important properties of 'Zirca- 
loy-2 can be best indicated by the 
characteristics of the nominal alloy as 
called for in the military specifications 
[Mil-Z-19859A (1959)] for acceptable 
strip as paraphrased below. 

Chemical composition. 
cal composition shall be 1.20—-1.70% 
tin, 0.07-0.20% iron, 0.05-0.15 chro- 
mium and 0.03-0.08% nickel. The 


The chemi- 





TABLE 1—Specifications for 
Maximum Impurities 


Impurity Impurity 
level 


(ppm) 


level 


Element Element (ppm 
Manganese 50 


Nitrogen 80 


Aluminum 

Boron 0O.: 

Cadmium 0 Silicon 120 

270 Sodium 20 
20 Titanium 50 

Copper 50 Tungsten 100 
Hafnium 200 Uranium— 
Hydrogen 25 total 

Lead 130 Uranium- 
Magnesium 20 235 


Carbon 
Cobalt 





sum of the iron, chromium and nickel 
contents determined from the average 
of all anaiyses made for a single ingot 
shall fall within the range 0.18-0.38 %. 

Impurities. Unless otherwise speci- 
fied, impurity levels of the finished ma- 
teria) shall not the limits 
specified in Table 1. 

Mechanical properties. The aver- 
age hardness of material after anneal- 


exceed 


ing shall not exceed the values speci- 
fied in Table 9 (see foldout adjoining) 
for the method used. 

The material shall conform to the 
elevated-temperature mechanical pro- 


perties specified in Table 11 (based on 
use of vacuum-melted material). 
Corrosion properties. Corrosion 
coupons, after completion of a 14-day 
test in 750° F, 1,500-psi steam, shall 
show the following: (a) a continuous 
black lustrous temper film; (b) freedom 
from white or brown corrosion products; 
(c) freedom from superficial surface 
stains, cracks, streaks and 
blisters; (d) a weight gain of 28 + 


fissures, 


10 mg/dm?. 
7” ” 7 


This work was performed for the U. 8. 
Atomic Energy Commission under contract 
AT-11-1-GEN-14. 
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i Properties of Zircaloy-2 Data Sheet No. 30 
! 
The data presented here are for inert-atmosphere-are-melted Zircaloy-2 unless Test 
' specifically referred to as vacuum-melted. Except for mechanical properties, temp Test 
there is little expectation of variation. The data listed in Tables 9 and 11 are Conditiont (°F) direc 
; military specifications for strip 
; Asreceived R.T. — L 
; As received R.T. T 
! As received 500 L 
; As received 500 7 
I 2 ~eeeive 7 
F ra Temperature (°F) As received #00 L. 
2 300 -100 0 100 300 500 700 900 As received 700 I 
$!00r TF e.g er 7rr T 
E V-notch Gen, if Jase anneal R.2- L 
°o a ia s _ 
; é B-quenchea—“ | Base anneal R.T. I 
! 5 2 B-quenched and —f 1 Base anneal 500 * 
i é 3 80F aged I ; Fhe Base anneal 500 T 
{ : & '0r ‘_ j ; ‘i Jase anneal 700 L 
: 5 0 200 400 600 £800 5 r } ! /f = Base anneal 700 T 
T 0, i 
ia Temperoture("C) £ j / j = 
: o s ag f roe in oreo j a es 7780 = i> sacle all adiiiatik amid ite 
i S TENSILE STRENGTH, HARDNESS. In Z [per-rolied / # i 5 + As received: hot-rolled at 6 
‘ = Table 2, the change of tensile strengths = - | 60% cold-rolled ; / 4 uw anneal: 20 hr in vacuum at 750 
ioe of vacuum-melted Zircaloy-2 reveals pa j ( 3 t L = longitudinal sample fri 
; 4 the effects of test temperature and 5 40 ! 440 2 material 
i> direction on as-received and on base- € j = 
' annealed material. Table 3 lists ten- F ; § 
' sile properties as functions of heat E i 7 2 
; treatment in the beta (1,850° F) and : / / r Veifocm i = 
alpha (1,450° F) phases tested at both 20+ my f / — 20 § i es 
j room and elevated temperatures. The / 7 mourn So TABLE 3—Longitudinal Tens 
. 3 effect of temperature on the ductility of f [| Ss Pecaens. | : 
7 atmosphere-melted Zircaloy-2 is plotted ES ae aed 
(3) at right and the variation in hot 0 : e einai ec aan n 0 pres 0.2% wield 
hardness with temperature (4) above. “200 -100 0 100 200 300 400 500 Test aver- _atrength 
; Temperature (°C) temp. aged (10° psi 
i 
: As received (hot-rolled at § 


Room 9 40.7 

500° | 6 20.6 

Heat-treated 8 hr at tempe 
1,450° F 1,850° F 


Room 1S 40.5 47.2 
500° I 12 18.1 23.5 


CORROSION PROPERTIES 


* Values are averages of 


specimens 
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IMPACT STRENGTH. Notch-impact 
i properties of Zircaloy-2 are very sensi- 

10 i100 tive to the hydrogen content and can be 
Exposure Time (Days) related to the amount of hydride 





A pee ek ae ko mee me fae Be ee ce a | 


Plastic Strain (% 








precipitate present. Quenching from 8.0 
CORROSION. Typical weight-gain curves above, the solubility limit for the amount 40 
O (above) show corrosion of Zircaloy-2 in high- of hydrogen present increases notch- 
temperature water and steam (7). Specimens impact energy absorbed on fracture 0 ae See ae eee | 
tested at 750°, 680° and 550° F were annealed (8). The effect of temperature and 0 800 {600 Zz 
I! below 800° C; 600° F specimens were as-hot- irradiation in circulating pressurized Time (hrs) 
rolled. water (9) is shown above. 
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ita for Vacuum-Melted Sheet (5) * 


Total 
( eld Tensile Uniform elonga- Reduction 
Te ength nath elonga- lion in area 
c.t (108 p 10° psi) tion (%) (%) (%) 
| 15.0 72.0 15 27 44 
I 62.3 69.3 3) 31 52 
I 19] 37.9 17 39 62 
| 25.9 34.5 22 18 72 
| 15.4 1.9 18 37 60 
I 20 29.4 16 44 78 
I 71.0 15 26 40) 
I ( | 66.9 1] 32 53 
| 18.0 6.2 18 4] 63 
I 24.0 1.9 22 52 76 
I 5.7 6.6 2] 10) 66 
| 1.3 26.5 19 iS 78 
é ‘ 1 of seven different ingots. 
ed at 843° ¢ annealed 15 min at 843° C; air-cooled. Base 
t 750° ¢ furnace-cooled 
ateria r = transverse sample from strip 


al Tensile Properties (6)* 

t nate Total Reduction 

} } elongation of area 
‘ (%) 


ed at 843° C; annealed 15 min at 843° C; air-cooled) 


69.5 25.6 39.9 
38.8 32.5 55.2 
temperature 
5 } F s i j50° F 1,850° F 1,450° F 1,850° F 
47 2 68.9 61 26.7 15.8 41.4 19.1 
Ss. ».0 24.1 56.3 33.0 
quenched and furnace-cooled 





CREEP. Creep properties are given 
in Table 4 (10). Typical behavior in 
the rolled product as a function of 
specimen orientation (8) is indicated at 
left 27,000 psi, 343° C). 
Creep strength of annealed Zircaloy-2 
decreased rapidly with increasing tem- 
perature in the range 150°-500° C, the 


(conditions: 








: maximum temperature investigated. In 
e speci® Table 5, the  stress—rupture-strength 
properties are summarized (11). 
600 2400 


TABLE 4—Creep Properties (/() 


Plastic 
Test strain on 
temp. Stress loading €o* «* 
(°C) (10% psi (%) (%) (in. /in./hr) 
As received 
250 59.0 0.27 1.02 8.3 X 10-4 
250 56.0 0.23 12 7.1X 10° 
250 53.0 0.25 0.80 1.2 X 10-8 
250 50.0 0.08 0.375 5.0 * 1077 
350 51.3 0.50 0.95 2.3 X 10° 
350 45.0 0.26 0.76 3.5 xX 10-3 
350 41.0 0.05 0.52 5.0 X 1075 
350 37.5 0.02 0.40 1.6 X 10-5 
350 35.0 0.02 0.79 6.2 * 10-6 
350 32.0 0.01 0.268 2.2 K 10-* 
Base anneal 20 hr at 750° C in vacuum 
250 32.0 +. 67 5 X 10-2 
250 30.0 2.35 1] 2 X 10-*t 
250 28.0 1.53 1.0 2 X 10-*T 
250 26.0 1.859 2.55 1 xX 10°77 
350 27.0 9.0 13.0 49x 10-4 
12.4 6.2 <X 10-4 
350 25.0 3.39 6.7 2.3 X 1075 
350 =. 23.0 2.09 t 
Beta quenched + 10% cold work 
250 57.5 0.25 0.65 1.6 X 10-4 
250 56.0 0.10 0.25 3.5 xX 10-6 
350 51.0 0.06 0.71 1.9 X 10-4 
Base anneal + 10% cold work 
250 16.0 0.08 0.48 1.15 xX 10°? 
*é€o = strain intercept, € = strain rate, € = 
t Test run in spring machine (estimate only) 
t Still in first-stage creep 
§ Test stopped 


© In test 


TABLE 5—Summary of Stress—Rupture-Strength Properties (// 
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strain (elongation 


Re duc- 
tion 


in area 


(¢ 
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15.7 


53.6 


58.9 


71.6 


66 


Stress to produce ruplure in indicated time (10% pst 


lh 


transverse direction 
35.2 
28.0 


» 9» 


21.3 


Cold-worked sheet, transverse direction 


150 
230 
345 
425 
500 


73.0 
63.0 
50.0 
38.0 


7 


10 hr 


OO. 


16 
34 


21 


100 hi 


30.0 
24.0 
21.8 est 
16.8 
11.4 


68.0 
o5.0 
13.0 
29.0 
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TABLE 8—Effect of Cold Wor 
Room-Temperature Propertie 
(Longitudinal Specimens) (* 








Cycles to Failure 


k on 
s 





Cold field lens 120 
reduction trenath 
(% 10° p 10% DPH 
100 
0 66.2 82 6 210 = 
10 R11 Q? a4 a 
. - ~« ” 
25 90.6 103.8 231 2 80 
10 O06 5 107 0 243 & 
60 07 111 56 be 
= 60 
@ 
* Diamond-; = 
40 
COLD WORKING, IRRADIATION. The ef- 
fects of cold working on room-temperature 20 
longitudinal tensile properties are given in 
Table 8 (8). Stress-strain curves along the 
longitudinal direction at 250° C for different 
amounts of cold work (14) are shown at 0 0.2 
right. Typical curves for control and 
irradiated (1.4 « 10°?! nvt at 40°-60° C) 
specimens (15) are shown below 
100 Cold-worked control —— 
a 
~ 60F Annealed- meee fF 
Q 
ye , a Annealed- irradiated 
2 aol for (OO hr at 400°C 
a Annealed control 
@ 
2 
(= 
20 - 
00I 0.02 004 0.08 


Natura! Strain (in./in.) 





FATIGUE. In Table 6, the fa- 
tigue tests were performed at 
316° F on 


notched specimens with their axes 


notched and un- 


parallel to the rolling directions. 


Base-annealed specimens and 
beta-quenched-plus-annealed 
(700° C for 1 hr in vacuum, fur- 
nace cooled) 
tested. Results indicate a rela- 
tively high notch sensitivity (8). 


Cycles 


specimens were 


constant- 
(12) 


to failure for 


strain fatigue tests are 


shown at left. 


04 





08 


06 
Natural Strain 
TABLE 11 
Direction 
f test 
Longitudinal 
Transverse 
* Annealed for 


im acceptable 


TABLE 6—Fatigue | 


Treatment 


Beta-quenched and 
alpha-annealed 
Base-annealed 


* Fatigue ratio = (u 

t Notch sensitivity 
unnotched fatigue 
K, = (theoretical max 





Tensile Specifications fe 


Tensile 
strength 
10 ps 


31 


> min at 843” ¢ 








itigue Resuits at 316° C TABLE 7—Torsional Properties (1:3) 


; Torsional elastic Torsional Torsional 
Endurance lin N otch modulus proportional 0.2% yield 
103 pst sensitiv : 
} ensilivily Conditions* (10® psi) limit (pst) stress (psi) 
Fatique index at 
Unnotched Notched ratio® 10° cycles} BA 5.24 17,850 29,800 
BA 5.29 19,450 32,100 
ee HR 5.22 13,550 29,500 
: 5 99 27 9R* 
aad 97 5 11.0 0.80 0.60 HR 9.22 13,700 28,300 
d 28.0 9.0 0.87 0.85 
‘ ' * BA = base-annealed; HR = hot-rolled. 


TORSION. In Table 7, duplicate specimens were evaluated in each 


ne 1e stre —_ ar Tagee kent ge case. Bear in mind that base-annealing removes hydrogen from 
lex q K l ). where Ky = : ‘ 
stir ane ete notched fatiaus socmmnieh Ate the material (nominally from 50 ppm as hot-rolled to 10 ppm as 
h) /(nominal stress). base-annealed). 





TABLE 9—Hardness Specifications 





Te Hardness TABLE 12—Elastic Properties in Tension (//) 

Rockwell B 98 Test Elastic 

Rockwell 157 g2 temperature modulus Poisson's 

Rockwell 307 80 Condition Cc (10° pst) ratio 

Rockwell 15N 68 

Brinell (500 kg load 158 Annealed 27 13.9-14.3 0.368—0 . 380 

Brinel , 000 ke load 200 150 13.3-13.8 0.425—). 460 
Cold-worked 27 14.5 0382-0. 406 

150 13.9-14.2 0.392-0 482 





TABLE 10--Compressive Strength 
10° psi 


(ompressive strength 


Room temperature 


{s-rolled 184.0 PHYSICAL PROPERTIES 








Base-annealed 183.0 
Beta-quenched 174.4 
260° C TABLE 13—Physical Properties of Zircaloy-2 o 
As-rolled 115.2 ° y 
Base-annealed 110.7 Density (/7) 
At 20° C, 6,570 gm/cem?* + 0.0006 (hot-rolled, vacuum-annealed 
rages of vacuum- and sampled from eight vacuum-melted ingots 


phe ire-melted Zircaloy-2 at . to 
Pe ee Electrical resistivity (/ 


At 21° C, 74 X 107° ohm-cem (29 X 10~* ohm-in 
Thermal conductivity (3 





cal /sec/em watts /em? BTU /hr/ft? 
ions for Rolled Sheet, 600° F* Cc C/en C/em F/ft 
20 0.0279 Q.117 6.8 
100 0.0287 0.120 6.9 
200 0.0294 0.123 7.1 
Elongation 300 0.0306 0.128 7.4 
? 400 0.0310 0.130 7.8 
500 0.0322 0.135 7.8 
Coefficient of thermal expansion (/) 
“4 Alpha = 6.5 X 10° in./in./°C, room temperature to 700° C 
1S.4 ~ Alpha-beta phase transformation temperature limits 
(vacuum-melted material) (18) 
( \ alu Pare mini- On heating: 815°—830° C (a/a + 8): 975°-995° C (B/a + 8 


On cooling: 770°-785° ¢ a/a + 8B): 930°—960° C (B/a +8 
























Senator Anderson Views 





The Outlook for the 


U. S. Atomic Energy Program 


By SENATOR CLINTON P. ANDERSON 


Chairman, Joint Commiitee on Atomic Energy, Washington, D. C. 


Tue EpITOoR OF NUCLEONICS asked me to put on paper my 
hopes and expectations as to activities of the Joint Com- 
mittee on Atomic Energy in the 86th Congress. 

I am as agreeable to his suggestion as he was cordial in 
his invitation. I shall try to cover the civilian atomic 
power program and related subjects, as well as my views 
on taking a long look at the future. I would emphasize 
that at this stage I am only speaking for myself, but expect 
to discuss many of these ideas with my associates before 
this article sees the light of day. 

Before I launch off into the next few years, a few back- 
ward looks may be appropriate. Ina sense I could almost 
have said when I assumed the Chairmanship on January 
30, 1959: “‘Isn’t this about where I left off in 1956?”’ In 
some ways this would have been true. For in 1955 | 
instituted a study by the McKinney Panel of where we 
stood and where we had to go in civilian atomic power; and 
in 1956 my colleagues and I, with some good staff assist- 
ance, tried to give the lagging atomic power program a shot 
in the arm. We almost made it with the Committee’s 
version of the Gore-Holifield bill which cleared the Senate 
but was defeated by a close vote in the House. Atomic 
power would be much farther ahead if it had passed. 
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But the Committee’s bill wasn’t passed. However, in 
all truth, we made considerable progress during the next 
two years under Carl Durham’s enlightened Chairmanship. 
Thus we enacted most of Carl’s six-point program, * includ- 
ing authorization of the Hanford convertible reactor, in- 
creased reactor research and development funds, and 
passage of the Price-Anderson Indemnity Law and the 
Euratom Cooperation Act of 1958. We also authorized a 
number of reactor design studies, and pushed the Atomic 
Energy Commission into a major effort in gas-cooled reac- 
tor technology. 

A major milestone in 1958 was the issuance of the Joint 
Committee’s staff report in August 1958 which Chairman 
Durham and I strongly endorsed. This report was the 
culmination of a long series of reviews on the atomic power 
program, beginning with the McKinney Report in January 
1956, the Joint Committee on Atomic Energy Acceleration 
Report in July 1956, the American Assembly and National 
Planning Association reports in 1957, the Joint Committee 
and AEC seminars in the winter of 1957, the Edison Elec- 


* In a speech at the Nuclear Congress in Philadelphia in March, 
1957, Chairman Durham specified a six-point program. 
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tric Institute report of March and July 1958, and the 
Atomic Energy Commission statement of June 1958. 

Now in 1959 we have received the AEC Ad Hoc Com- 
mittee Report, have held extensive informal seminars with 
all segments of the atomic industry, and heard AEC Chair- 
man McCone in executive session. By the time this article 
is published we will have completed part of our statutory 
202” hearings and learned more about AEC plans for the 
atomic power program, particularly the gas-cooled reactor 
problem. 

In short, I think this program has had sufficient review. 
Like the reactor experts and others in our seminars in early 
January, I am of the opinion that what we need now is 
action. We have had enough words. The question is, 
What should we do? 


What Should We Do? 


First off, 1 would say that we should agree on a set of 
1. objectives. This should not be difficult, since the 
objectives of AEC and its Ad Hoc Committee and the 
JCAE Staff Report are very similar. Thus I would be 
willing to buy those objectives of the AEC Ad Hoe Com- 
mittee which are the most inclusive. These are as follows: 
‘(a) Fortify the position of leadership of the United 
States in the technology of nuclear power for civilian 

use; 
“(b) Reduce the cost of nuclear power in this country 
to a point competitive with power from fossil fuel at 


least in some areas within ten years 


“(e) Reduce the cost of nuclear power to the competi- 
tive point in friendly foreign nations having high costs 
for energy in less than ten years through a comprehen- 
sive program of assistance clearly defined and vigorously 
pursued ; 

“(d) Achieve a substantial reduction in the cost of 
nuclear power over the next twenty or thirty years by 
continuing studies which may ultimately lead to great 
cost reductions, but which are unlikely to bear fruit in 
the next ten years; 

““(e) Make the fullest use possible of the nuclear energy 
latent in both uranium and thorium, especially by 
breeding, recognizing that U-235 alone is probably not 
sufficiently plentiful to contribute significantly to our 
power needs over the long range.” 


Next I believe we should agree as to methods. This 
ys is admittedly a bit more difficult, but I hope AEC 
will buy its Ad Hoc Committee’s recommendation which in 
turn supported the JCAE Staff Report in these words: 


“We find little to criticize in the general philosophy 
expressed in the concluding sections of the JCAE staff 
memorandum beginning with the section headed, ‘Or- 


ganization and Administration of Program. 


“We agree that the AEC should continue to be re- 
sponsible ‘for the conduct of the base program of re- 
search and development through its national labora- 
tories, industrial contractors, universities and non-profit 
institutions.’ We agree that the AEC should assume 
‘positive direction of the reactor development program 
from the stage of feasibility studies of promising reactor 
concepts, through the necessary reactor experiments, up 
through the construction and operation of experimental 
prototype reactors.’ We share the hope implied later 
in the JCAE memorandum that at least some proto- 
types will be wholly or partly financed by industry. If 


the AEC contributes a significant part of the cost of 
such prototypes the AEC should have sufficient control 
of their operation to insure that they produce the maxi- 
mum of information. That is their principal purpose.”’ 


If we get this policy on AEC development and con- 
struction of some experimental prototypes adopted, we 
should have smoother sailing on second- and third-gen- 
eration prototypes and full-scale plants. In my opinion 
we should begin a program of government grants to private 
utilities covering a good part (75% to 90%) of the differ- 
ential between the estimated cost of a nuclear plant and a 
conventional plant. We should also have a parallel pro- 
gram of assistance to cooperatives and public power organ- 
izations (local, state and federal) along the lines of the Sec- 


ond Round Power Demonstration Program. 


After we agree as to methods, we must begin to get 
3. more concrete as to the level of financial assistance 
and effort required by AEC and industry, over the next 
five to ten years. 

The funding situation for the AEC civilian atomic power 
program is a very complex business. The funding for the 
additional general research and development required, plus 
the research and development and capital expenses for par- 
ticular reactor projects, will undoubtedly add up to con- 
siderable sums of money. 

The Joint Committee staff report estimated a total addi- 
tional cost of $875-million for the expanded program over 
a five-to-seven-year period, or an average of about $125- 
million additional capital and operating costs over a seven- 
year period. This would include AEC and private costs. 

The AEC Ad Hoc Committee, using smaller prototypes, 
indicated the Joint Committee staff estimate could be 
lowered $50-million per year. This would amount to an 
average of $75-million per year of additional costs. There 
is some doubt whether the Staff Report and Ad Hoc figures 
are comparable when added to alleged ‘“base’’ program 
figures and compared with current expenditures. 

In any event the additional funds required to expand or 
accelerate the program are quite modest in comparison 
with military expenditures, or, as Commissioner Floberg 
has pointed out, in relation to capital expenditures for con- 
ventional electric power facilities. To repeat, if we can 
get a new energy resource and enhance our world techno- 
logical leadership for less than 1% of total annual national 


product, we are doing mighty well. 


More specifically we have to agree, or agree to dis- 
4. agree, on what we need to authorize for the next year 
or two, particularly fiscal year 1960. No authorization 
comes out of the blue, and we must of course look at the 
projects under design or consideration by the Atomic 
Energy Commission. The AEC has design studies under- 
way on the following types of reactors, as authorized by 
the Joint Committee: heavy water-natural uranium; boil- 
ing water; pressurized water; organic moderated; and a 
reactor using nuclear superheat. The AEC also had under 
consideration a prototype of a homogeneous slurry-type. 
Depending on how these studies turn out it would appear 
appropriate that we authorize a program on these lines: 
|. AEC construction of one or two experimental 
prototypes at AEC sites with the power absorbed 
at the site; 
2. AEC support of one or two large-scale or inter- 
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mediate-size second or third generation plants 
under the Power Demonstration Program uti- 
lizing the differential construction grant on a 
trial basis; 
3. AEC support of extension of Second Round 
Power Demonstration Program for one or two 
small- or intermediate-size second or third gen- 
eration plants; 
4. Authorization of several additional design 
studies of promising types. 
It is at this point that we may run into trouble with the 
Bureau of the Budget, although I hope that Chairman 
MecCone will be able to get backing for this program. 

| have been asked several times whether I would support 
the rumored cutback of AEC effort on certain reactor 
types. My position has been that I would be willing to 
see a reasonable cutback of effort if the savings can be used 
to accelerate the reactor program along the lines I have 
indicated. Undoubtedly there are activities which should 
be deemphasized, but I do not subscribe to an abandon- 
ment of our “‘diversified’’ program. 

On the question whether we should adopt the Ad Hoc 
Committee suggestion that we confine our efforts to proto- 
types of 80-Mw/(e) or under, I believe it is not possible to 
generalize that broadly. Our informal seminars with 
industry in January confirmed my view that in some 
cases we may have to go to larger sizes to prove out or 
demonstrate a reactor type from a technical or economic 
standpoint. 


Nuclear Maritime Propulsion 

When I was Chairman of the Committee in 1956, I sug- 
gested the construction of a nuclear-propelled oil tanker. 
During the hearings before Senator Magnuson’s Com- 
mittee, I testified that this would be a better alternative, 
in my opinion, than the cargo-passenger ship which is now 
being constructed as the N. S. Savannah. Again last 
year, | had ready an amendment to the authorization bill 
to provide $7-million (opposed by the Budget Bureau) for 
construction of a nuclear reactor for the T-5 oil tanker. 
However, because of floor debate over other portions of the 
authorization bill, I reluctantly decided to withhold my 
amendment. Instead I inserted in the Congressional Rec- 
ord a statement of my views supporting the construction 
of a nuclear-propelled oil tanker as soon as possible. | 
hope that the Commission, or the Bureau of the Budget, 
will not delay this longer but instead will request funds for 
a nuclear-propelled oil tanker this year. 


Plutonium Program 

As for the plutonium program, the Joint Committee has 
attempted for many years, with only partial success, to 
disentangle the peculiar arrangement between the Com- 
nission and the Department of Defense whereby Defense 
only requests as much plutonium as the Commission plans 
to make. 
term national defense needs and a realistic small weapons 


Defense has not based its requests upon long- 


program. 

Last year the Congress authorized construction of a 
‘convertible’’-type production reactor at Hanford. | 
believe the Joint Committee afid the Congress will continue 
to advocate an assured plutonium supply as necessary to 
protect our national defense program. We have recently 
learned that the Defense Department has finally developed 
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a long-term requirement for its future needs for plutonium. 
But no one should be surprised if this long-term require- 
ment coincides with the production from current AEC 
facilities plus improvements and the new Hanford reactor. 
So round and round they go! 

With regard to “buyback”’ prices to be paid to domestic 
atomic power plants for their by-product plutonium, | 
believe the Commission should come up with recommenda- 
tions resulting from a series of discussions with the Joint 
Committee staff as contained in an exchange of correspond- 
ence dated June 3, 1958 and July 9, 1958.* This would 
provide an interim price for unrestricted use between the 
present $30 price [the weapons value] which prevails until 
1963, and 1968 or so when the price should get down to 
the fuel value, $12 per gram. This interim price should 
be set in such a way as not to distort civilian reactor 
technology by emphasizing plutonium production. 


Euratom 


The proposed Agreement for Cooperation with Euratom 
was considered by the Subcommittee on Agreements for 
Cooperation of the Joint Committee on January 21 and 
22, 1959. The joint program appears to be making head- 
way in terms of getting necessary criteria and invitations 
for proposals established, negotiating the basis for a loan 
from the Export-Import Bank, and proposing an insurance 
and indemnity program to cover third-party liability. 

I am somewhat uneasy whether the time schedule of 
December 31, 1963 may be too optimistic, especially in 
I hope that 
the parties to the joint program will seriously consider the 
advantages of flexibility regarding the time scale up to 
December 31, 1965, on two reactors. 


view of the growing stocks of coal in Europe. 


I was also concerned about the problem of “bailouts” 
of existing projects. On this point I was assured that the 
established criteria, including competitive bidding, would 
apply to these projects across the board. It was also 
explained that the Euratom subsidy provisions could not 
be used to relieve a utility or supplier of an obligation 
already assumed. This still doesn’t take care of the 
question whether we realized that we apparently were 
not authorizing a million kilowatts of new capacity, as we 
thought, but were taking over projects developed under 
different circumstances. In any event, the Committee 
will scrutinize the projects carefully when they are sub- 
mitted for authorization. 


International Atomic Energy Agency 


We need to find something constructive and useful to 
suggest as a program for the International Atomic Energy 
Agency. Our good friend and former colleague Sterling 
Cole is now doing his best to instill life into the Agency. 
He has suggested in a speech before the Atomic Industrial 
Forum that unless the United States, the U. K., and the 
U. 8. 8S. R cease and desist their bilateral atomic energy 
programs, the Agency might just as well go out of business. 

My guess is that the reason for a slump in the popularity 
of IAEA is the fact that our friends in Europe prefer to 
deal directly with us under bilaterals than through some 
international agency where Russia looks at every deal and 
can inspect every development. 

* See pp. 433-35 of Hearings on AEC Authorizing Legislation, 
May, June, 1958. 
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Perhaps everyone has expected too much of the Inter- 
national Atomic Energy Agency. Certainly the idea of 
its being the world’s only broker and policeman for distri- 
bution of atomic materials is not working out. 

Maybe we should lower our sights, and focus on some 
of the things that we realists thought the Agency might 
be able to do, namely, to serve as a kind of middleman 
between the western allies, the neutral countries, and the 
Iron Curtain bloc. It had been my thought that the 
Agency could develop a modest but positive role in pro- 
moting the peacetime atom, particularly in the neutral 
and underdeveloped countries. 

Thus IAEA could sponsor the development of standards 
and codes for reactor safety and insurance and indemnity, 
following the example set in its work on radiation protec- 
tion. In the field of waste disposal, [AEA could develop 
international standards, and perhaps sponsor or participate 
in an international research and development effort to 
control safe handling and disposal of radioactive wastes. 

Once it has become a little better established, the 
International Atomic Energy Agency should consider a 
modest program for sponsoring or participating in atomic 
power development in underdeveloped areas, such as Asia. 

I have been recently informed that [AEA has begun a 
more ambitious survey on indemnity problems, and initi- 
ated further studies in atomic power development. This 
is all to the good. But sometime in the not-too-distant 
future it will have to go beyond the ‘‘study”’ stage. 


Uranium Production 


Another group kept ‘waiting in the wings’ while our 
atomic power program languishes is, of course, the uranium 
producers. Jesse Johnson and the Division of Raw 
Materials of the Commission have always done an out- 
standing job in supplying the needs of our atomic program. 
For the last year or two they have—understandably—had 
to start putting on the brakes on our uranium production 
because the power program has not yet generated a large 
market for uranium. 

Now there is talk of ‘‘stretch-outs’”’ 
backs in the uranium program. All this may not be 
necessary, however, if we agree to accumulate a small 
“‘working inventory” or uranium concentrates until such 
time as we can get the atomic power program going. 


and further cut- 


Patents 


On patents: the Joint Committee staff is studying this 
question, and it is still too early to make many comments 
in advance of the public hearings next April. However, 
I am inclined to think there are some pretty good policy 
reasons for extending the so-called ‘“‘reserve power” of 
the compulsory licensing provisions beyond the September 
1, 1959, date when they are now due to expire. Occasion- 
ally there arises some ‘‘sound and fury”’ about AEC con- 
tractor patent problems, but I believe that most people 
in the industry recognize that contractors are entitled 
to either patents, or government money, but not both at 
the same time. 


Reactor Site Selection Criteria 


I believe we are about at the stage where the Congress 
should consider whether to require the AEC to establish 
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(by means of a regulation) criteria for the selection of sites 
for atomic power plants. Along with the criteria might 
be a requirement that applicants for a construction permit 
must submit alternative site proposals, with a further 
proviso that no permit should initially be issued for a site 
tentatively disapproved by the Advisory Committee on 
Reactor Safeguards. I am still of the opinion that it is 
absurd to permit tens of millions of dollars to be invested 
in an atomic power plant at a site when there is substantial 
doubt among experts whether the plant will be safe at 


that location. 


Guiding Principles 


So much for my views on a number of programs and 
problems which the Committee will review in the next 
two years. On several occasions I have pointed out that 
we have the opportunity to begin a ‘‘new era”’ in the 
relationship of government and industry in atomic energy 
development. In going into this new era, I believe we 
should keep three principles or maxims in mind: 

1. Good faith. Several of us on the Joint Committee 
have felt there was a certain lack in this regard in the 
Executive Branch and certain private organizations in 
past years. Ona number of occasions the private utilities 
appear to have been using delaying tactics or acting as the 
“reluctant dragon” in taking action only when necessary 
to forestall Government construction. In its December 
issue NUCLEONICS pointed out that a major motivation of 
the fifty utilities in the Philadelphia Electric—General 
Dynamics gas-cooled proposal was “ political’”’—to stave 
off Government construction of the experimental proto- 
type. In its February editorial, NucLEoNIcs refined this 
word to the term “ideological.” 

I have tried to bury the phony public power issue many 
times, only to have it arise again. I am happy that 
Mr. McCone agrees with me that it is a false issue. But 
I repeat that the lack of good faith in raising this issue is 
giving private industry a black eye, and will continue to 
delay and confuse the program. 

2. No bailouts. I ran into this problem in connection 
with the foreign atomic power program, and particularly 
Euratom. One European utility in particular was ex- 
tremely active and baldly stated it needed additional 
subsidy, whether it be in the plutonium buyback, or what 
have you. Iam satisfied that this problem is being taken 
care of in Euratom. This ‘no bailout” principle may 
have application domestically as well as in the foreign 
program. 

3. No conflicts of interest—legal or moral. It is in- 
evitable, and even desirable, that there be a movement of 
personnel from AEC to private industry in the atomic 
power development field. But in the last year or two 
this movement among AEC top personnel has been pre- 
cipitate. So much that, even though Congress raised 
salaries appreciably, Chairman McCone has appealed to 
the Committee to suggest means of recruiting and keeping 
key personnel. 

There are certain laws affecting people who leave the 
Government—that they can’t prosecute claims, ete.—and 
there are rules of good conduct or ethics. Thus, many 
conscientious former Government employees assiduously 
avoid any contact with their former associates, and work 
in fields unrelated to their former work for two years. 
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There is a good deal of sense to some sort of a ‘‘ cooling- 
off”? period. This would permit immediate past loyalties 
and debts (and sometimes even animosities) to subside 
before getting back into the whirl. Shouldn’t AEC con- 
sider amending its rules of employee behavior to cover this? 

Perhaps with such a ‘‘cooling-off” period really in effect, 
industry and AEC employees could more rationally con- 
sider the employee’s real long-time worth and not his 
“contact’”’ value. Maybe the turnover wouldn’t be so 
great thereafter. 

Ironically, AEC refuses to obtain the official and open 
advice of industrial contractor representatives on Advisory 
Panels because of the alleged conflict of interest problem, 
but seemingly permits its former top personnel to make 
unpublicized contacts with former associates and sub- 
ordinates on proposed contracts and projects in which 
their companies have an interest. 


Need for Long Range Planning 


I have felt for some time that the Congress, the Executive 
Branch and the public are in need of some perspective and 
considered judgment on the very long-range requirements 
and demands for atomic power in its various advanced 
applications for the period 1970-2000. 

My reasons as to the importance of such a project are 
twofold. First, it has been predicted that during this 
period the real domestic economic necessity for atomic 
power as a supplement to conventional fuels will probably 
take place. We need to re-examine the basis for these 
predictions to see if they are still valid, and to consider 
our uranium and thorium resources situation in connection 
with such predicted demands. 

Second, and possibly more important, is our need to 
accelerate our technological effort as a part of our effort 
to maintain world leadership, particularly in view of the 
Soviet and Chinese threat. In addition to the need for 
our own economic advancement, we simply cannot afford 
to become a second-rate power in comparison with the 
rising military, technical, and economic might of the 
Soviet bloc. The Soviet successes with missiles and the 
Sputniks, their growing atomic weapons stockpile, their 
excellent work in high-energy physics with advanced 
accelerators, and their accelerated civilian atomic power 
program, all attest to their growing military and techno- 
logical strength and prestige. The November 1958 and 
January 1959 announcements of their 7-year and 15-year 
plans adds another dimension to the threat in the form of 
economic warfare. 

The primary aim of the Joint Comittee’s proposed 
short-term atomic power program is to help meet this 
immediate Communist threat to our technological su- 
premacy; and our efforts in the foreign atomic power field 
should in part meet Soviet economic penetration and 
competition via the atomic power plant route. 

But the problem of how we go about meeting the longer 
range Soviet technological threat has been largely ne- 
glected in our current planning. As discussed earlier, we 
have reviewed and re-reviewed our policies on atomic 
power over the next 5 to 10 years or so. But, apart from 
the earlier McKinney Panel report, we have not taken the 
longer view except with regard to specific projects. 

Stating my proposal positively: We must assure the 
superiority of the scientific and technological capacity of 
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the United States over the long pull, and demonstrate the 
virility of these programs under conditions of freedom. 
At the same time, we must find the political and admini- 
strative devices for making this technical know-how avail- 
able in this country and abroad for material betterment. 

It seems clear then, that the Joint Committee should 
re-examine the programs under the jurisdiction of the 
Atomic Energy Commission and other interested agencies, 
to assess our technical progress and see what lies ahead. 
Perhaps we should appoint a panel of experts to do this. 
Or we might assign the survey to a subcommittee with 
expert consultants. 

An important purpose of the survey would be to recom- 
mend objectives for long-range planning. In the past 
there has been too little of this. Instead, planning has 
often been narrowly limited to single programs. There 
have been too many crash programs—too much hurry-up- 
and-wait—too many single-purpose installations. 

The Joint Committee needs to know what is new, and 
what promising roads lie ahead—what is the advanced 
thinking in our university and industrial and government 
laboratories, and some of the things now currently pro- 
grammed that merit study. 

Since I consider the major laboratories of the Atomic 
Energy Commission one of our foremost national assets, 
we should question the adequacy of the long-range pro- 
gramming for these installations in their roles as fixed 
and permanent national institutions. 

The scope of the survey would probably include con- 
sideration of the following advanced fields: Advanced 
power reactor types, such as breeders; advanced applica- 
tions of nuclear reactors as heat sources, including direct 
conversion of heat to electricity and conversion of saline 
water to pure water; atomic power for outer space propul- 
sion; controlled thermonuclear power; “‘ Plowshare”’ appli- 
cations of bomb explosions to peaceful uses; utilization of 
solar energy; and use of the earth’s heat from radioactive 
processes. The survey might also consider other civilian 
applications of military devices. 

While any panel or subcommittee of the Joint Com- 
mittee is free to decide its own methods, I would suggest 
that they first gather as many ideas as possible before 
they evaluate them. I suspect that many ideas are not 
getting through from the laboratories and industry to the 
policy makers. If the survey were no more than a sound- 
ing board or forum for the dissemination of new ideas, it 
will have succeeded. 

When the survey has been concluded, I would hope that 
the report would contain a ten-year and a twenty-year 
statement of scientific and technical objectives in atomic 
energy and related fields setting out the desirable level of 
basic research and proposed new applications. 


Epilogue 

I believe you will agree that the Joint Committee and 
its staff and consultants will be reasonably busy during 
the next two years if we undertake consideration of the 
matters I have outlined in this article. 

Such efforts will have been worth while if we can point 
the way more clearly in channelling the elemental force of 
atomic energy from the fields of weaponry to enhancing 
our civilian way of life with increasing benefits for all 
mankind. 
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A Method for Estimating 
Beta-Counting Efficiencies 


With this method, beta-counting efficiencies can be estimated 


to within 3% with any standard mounting and counting techniques 


By B. P. BAYHURST and R, J. PRESTWOOD 


University of California, Los 


THE METHOD PROPOSED HERE for estimat- 
ing beta-counting efficiencies makes use 
of an experimentally determined relation- 
and 
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applied to any 
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can be counted absolutely by the usual 


means (4r counting or coincidence 
techniques) 
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external counters commonly in use 
reveals two main sources of spread: (a 
For a given maximum energy, positron 
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This work describes some experiments 
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Procedure for Using This Method 


The method proposed here for calculating the counting nations. The procedure outlined below may be used 
efficiency of a beta emitter makes use of an experimen- for a given mounting and counting setup. Figures | 
tally determined relationship between counting effi- and 4 can be copied from the text; however, Figs. 2 and 
ciency and average energy of the beta particles. This 3 are absolute only for the mounting and counting 
method may be used to calculate the beta-counting techniques used in our laboratory. The standardized 
efficiencies of nuclides that are difficult to prepare with carrier solutions used in step 2 can be prepared accord- 
sufficient purity or specific activity for absolute count- ing to ‘Collected Radiochemical Procedures’’ 
ing by the usual means. It also would be useful in (LA-1721). 

studies requiring a large number of efficiency determi- 
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log paper in Fig. 1, which facilitates 
reading accurate between the 
calculated points and extrapolation be- 
yond Ey, of 2 Mev. A plot (Fig. 2) 
was made of efficiency versus the average 
beta energy for both positron and nega- 
tron emitters with high and low Z, and a 
smooth continuous curve was obtained 
Complex betas. The counting effi- 
ciencies of nuclides with complex-beta 


values 


groups can be calculated by weighting 
the efficiency of each group by its percent 
abundance. Efficiencies of several com- 
plex nuclides were both calculated and 
determined experimentally (see Table 3) 

Several of the points on the curve in 
Fig. 2 are of nuclides with more than one 
beta group. In these cases, the efficiency 
of the most abundant group was plotted 
after the efficiencies of the less abuadant 
groups were subtracted from the experi- 
mentally determined total. 

Thickness correction. 
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of the low-energy groups. 
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From this average, an allowed equivalent 
Ey was obtained from Fig. 1. 

In Fig. 4, the 
against this “Ey allowed equivalent.” 
On log-log paper, the plot appears to be a 
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an ‘‘a’’ shape is higher than the average 
energy of an allowed shape of the same 
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To show how this correction is used, let 
us consider a beta spectrum of Eo = 1.5 
Mev shape and Z = 80. 
From Fig. Mev with 
unique forbidden shape gives a value of 
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of and 
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The correction becomes more impor- 
tant the energy decreases. For 
example, the efficiency of a 0.5-Mev, 
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Z = 0 beta of allowed shape differs from 
the efficiency of the same beta having an 
Since the number of 
“‘a”’ shapes 
decreases with decreasing energy, very 
few useful nuclides are in the region 
where the correction is large. Both Sr** 
Cs'*7 points were considerably off 
the efficiency (Fig. 2) until 
shape. The other 
nuclides used that had “a” shapes were 
high-energy region where the 
correction was negligible. 
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efficiency of conversion electrons was also 
investigated. smeared (from 
sample mass, etc.) line spectrum differs 
from a beta spectrum, its effi- 
ciency would be of considerable interest. 

As a first approximation, the energy of 
a conversion electron can be used as its 
the curves. The 
difference between a curve of beta E vs. « 


‘“‘a”’ shape by 15%. 
useful beta spectra having 


and 
curve 
corrected for ‘“a’”’ 


in the 


Since a 


greatly 


average energy on 
and a curve of conversion-electron energy 
vs. e depends largely on the cut-off energy 
of the counter. 

The cut-off energy is the minimum 8 
The 
cut-off energy for our counters is about 
100 kev 
conversion line will emit a spread-out de- 


energy needed to produce a count. 


\{ macro sample containing a 


graded spectrum, and, if the energy of the 
line is near the cut-off energy of the coun- 
ter, a large fraction of the particles will be 
If the line energy is 
considerably higher, relatively few parti- 
cles will be below the cut-off. If the line 
energy is used as the average to get the 
efficiency from Fig. 2, a high ¢ will be ob- 
tained for low line energies and a low « for 
energies far above the cut-off energy. 
The three sets of 
conversion lines were studied: Tce 
(ex = 0.119 Mev), Ba'**™ (ex = 0.232) 
and In!" (ex~ = 0.306). The Tc™ 
gave a low efficiency, the Ba'*®™ fell on 
the line and the In''*" above the line. 
These results (Table 2 and Fig. 3) seem 
consistent with our cut-off energy. 
Gamma contribution. Nuclides that 
have several gammas per disintegration 
might have slightly higher efficiencies 
than the beta indicate. 
When gamma rays are emitted in coinci- 
dence with betas, the 4r counting rate 
is not affected. 
the geometry is less, as with externally 


below the cut-off. 


efficiencies of 


energy would 


However, in cases when 


mounted macro samples, the gammas can 
add to the counting rate. 

The 
externally 
our 


the 
macro samples for 
2.2% for Na®? and 


gamma-ray contribution in 
counted 


counters was 





TABLE 3—Calculated vs. Experimental Efficiencies (€) of Complex Betas 





Isotope 





orf © 


ao 


Calculated 


0.1188 
0.1149 
0.0447 
0.0444 
0.0403 
0.0280 
0.3911 
0.0013 
0.0010 
0.0433 
0.0028 
0.3763 


0.4247 
0.0047 
0.0792 
0.1618 


0.2675 


an 


or to 


0.5132 
0.2239 
0.0308 
0.0395 


0.2942 
0.1314 
0.0851 
0.2862 


0.5027 
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3.0% for Na**. In the construction of 
Fig. 2, gamma contribution was sub- 
tracted out so that the points were at the 
right efficiency for the pure beta. Of 
course, when the curve is used for an 
unknown, a correction for gammas may 
be added to the beta efficiency. Gamma 
contribution can be determined by 
running an aluminum-absorption curve 
on a macro sample 

Thallium-204. The only nuclide stud- 
ied that did not fit on the efficiency 
curve after appropriate corrections was 
TP. An efficiency of 0.320 was obtained 
experimentally for a 20-mg 
whereas the calculated efficiency 
0.355. This beta spectrum is known to 
have an unusual number of low-energy 
particles (7-9), which would cause a low 
counting efficiency. The Kurie plot 
deviates upward from a straight line 
below 150 kev after corrections are made 
for its ‘“‘a”’ shape. 
observed in an absorption curve in a 4x 
counter with very thin absorbers (1 
mg/cm?); the curve showed a much 
steeper initial slope than was observed 
for Au'®* under the 
although these isotopes are similar in 
beta energy and Z. 

Samples of Tl*°* mounted as Tl,PtCla, 
Tl.CrO, and TII showed no detectable 
difference in counting efficiency, which 
indicates no significant dependence on 


sample, 
was 


This anomaly was 


same conditions, 


average Z of the compound mounted or 
the crystalline form of the precipitate 
for this beta energy. 

For energies above about 4 Mev, the 
60-mil Al longer 
infinite backing. An experiment 
Rb**, which has a 5.3-Mev beta, gave a 
5% increase in counting rate when infi- 
nite backing of aluminum was provided. 


plates no provided 


with 


om * * 
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APPLIED 
RADIATION 
CASE HISTORY 
NO. 1 


Electron-Beam Sterilization 
of Surgical Sutures 


Substituting radiation for heat results in a stronger product, 


a better package, simpler manufacture and continuous processing. 


Savings in these areas help pay for more expensive sterilization 


By CHARLES ARTANDI and WALTON VAN WINKLE, Jr. 


Ethicon, Incor porate d, Some ri alle 3 


ELECTRONS FROM A microwave linear 


accelerator are routinely — sterilizing 
surgical sutures in Ethicon’s Somer- 
ville, N. J. plant, the world’s largest 
producer of surgical sutures (NU, Feb. 
’58, p. 27). Catgut sterilization using 
heat has always presented difficult prob- 
lems. Our commercial electron steril- 
ization has grown out of a five-year re- 
search program to find a better way. 
For our purposes the best radiation 
source is the linear accelerator, or linac. 
Ours has been installed in a special 
split-level building with appropriate 
facilities 
We monitor the acceler- 


conveyor and monitoring 
equipment. 
ator, the process and the product, in 
some instances with methods that we 
have invented for our own needs. It 
is hard to estimate our costs, but it is 
plain that electron sterilization is ex- 
pensive. Nevertheless it has brought 
us many benefits including better pack- 
aging, simpler manufacture and even 
customer appeal. Figure | 
tray of sutures on its way to sterilization. 


shows a 


Catgut Sterilization 


Surgical sutures are of two main 
types: absorbable and nonabsorbable. 
The absorbable variety, known as “‘ cat- 
gut,” is derived from connective-tissue 
layers of the intestines of beef and 


sheep. It is with this type of material 


Ve w Je rsey 


that the suture industry has always had 
sterilization problems. 

Classically sterilization has always 
heat 
for a long enough time kills all bacteria 


used high enough temperature 


and other forms of microbial life. Un- 
fortunately catgut sutures are com- 
posed of an animal protein, collagen, 
and like all proteins it is “cooked” by 
heat. This cooking 
strength, pliability and other important 
suture. To 
damage as much as possible, the prac- 
tice has been to dehydrate the sutures 
12 hr at 100—-110° C, then immerse 


an anhydrous hydrocarbon 


reduces tensile 


properties of the avoid 


ford 
them in 
bath and sterilize at 156° C for an hour. 
This must be done before sealing the 
container. After sterilization, an asep- 
tic process is used to fill the container 
with sterile tubing fluid, rehydrate the 
This 


process requires manufacturing with 


suture and seal the container. 


operating-room precautions. 
Heat-sterilized 


packaged in 


sutures are always 
tubes—the 
suitable for the 


high sterilizing temperatures. 


glass only 


economical material 
Getting 
the suture in the operating room re- 
quires breaking the glass container with 
attendant hazards of broken glass near 
the operative field. 

Another objection to heat steriliza- 


tion is that it is a batch process. Thus 


it is a bar to continuous flow of mate- 
A method that 
permits conveyor-belt operation makes 


rials and automation. 


possible automation and leads to manu- 

facturing economies in several areas. 
It is obviously desirable to find some 

sterilization method that will: 

® Minimize damage to the suture 

® Permit sterilization in the final, sealed 

container 

® Allow use of new and more conven- 

ient packaging 

® Lend itself to continuous operation. 


Exploration 


1949 it was well estab- 


electron-beam 


As early as 
lished that 
is capable of killing microorganisms at 


irradiation 


doses that do not adversely affect many 
work 


lished the dose parameters necessary to 


materials. Subsequent estab- 
sterilize sutures and similar objects (1). 
However, the large capital investment 
required and the lack of definitive ex- 
perience with the commercial use of 
electron accelerators, beta, and gamma 
radiation deterred most industries from 
extensive development work. 

Early in 1953 the problems peculiar 
to the suture industry prompted us to 
undertake a detailed feasibility study 
of radiation sterilization of sutures. 
We rented a 2-Mev 0.5-kw Van de 
Graaff accelerator from High Voltage 
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SPLIT-LEVEL BUILDING houses 
Loading and unloading of conveyor (A) takes place 
Trays of sutures move to ir- 


beside controls (B). 


Engineering Corp. and embarked on an 
extensive research project. 

We established the minimum killing 
dose for over 150 different species of 
microorganisms and found the maxi- 
mum dose that could be safely tolerated 
by catgut. We chose 2.5 megarads as 
This is 40 % above 
the minimum to kill the most resistant 
Catgut tolerate 
5.0 megarads before showing properties 


our sterilizing dose. 
microorganism. 


can 


inferior to heat-sterilized gut. 
Although we knew that the 2-Mev 


non 


great 


s-124 


« Wh an 


‘ ay 
Ton wa 


Ethicon's _ linac. 


Van de Graaff would not have enough 
production capacity, we later bought 
the unit for our expanding research 
program in the field of irradiation. We 
have since installed the linac that we 
use routinely for sterilization. Cur- 
rently we are installing a 3-Mev Van de 
Graaff. 

Setting specifications. As our in- 
vestigations progressed we began to 
have enthusiasm for radiation 
sterilization. 
establishing our requirements. 


more 
Simultaneously we began 


vy 


OLD AND NEW PACKAGES. Aluminum-foil package shown in front and back views 
at bottom is more convenient than glass package it replaced 
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radiation room at lower level (C) to pass under 
electron beam from linac (D). 
maintenance workshop are on mezzanine (E) 


Power supplies and 


If radiation is to be used in produc- 
tion-line sterilization, the source must 
satisfy the following requirements: 
® Adequate dose delivery 
© Complete and uniform coverage of 
the product 
* Adequate penetration 

Dose is determined mainly by beam 
current. 
proper scan width, which is determined 
Penetration 


Coverage is ensured by the 


by scanning coil current. 
is determined by accelerating voltage 
or, more generally, by electron energy. 
The energy must be great enough for 
complete penetration. 

Total penetration is the depth of 
complete absorption of electrons. For 
our purpose we define ‘‘useful penetra- 
tion” as the thickness such that exit 
dose is equal to entrance dose (Fig. 2). 
With monoenergetic electrons the en- 
trance dose is ~60% of the maximum 
in this energy range. 

Having met the penetration require- 
ment one seeks a source delivering the 
largest number of electrons of a speci- 
fied energy Usually 
beam current then determines produc- 


per unit time. 


tion capacity. For each scan width, 
beam current tells us at what rate the 
product can move under the source for 


a specific minimum dose. 
If one is dealing with a homogeneous 


material like grain or a fluid, dimen- 
sions can be varied for maximum beam 
However, the majority of 


87 


utilization. 





FIG. 1. SUTURES ON TRAY, ready for 
irradiation, are arranged to make most 
efficient use of electrons as tray passes 
under beam 


objects to be sterilized are not homoge- 


neous and have fixed dimensions. 
Therefore penetration has to be set 
according to the densest part of the 
object, resulting generally in reduced 
beam utilization. 

Consideration of these points in rela- 
tion to the product we proposed to 
sterilize indicated the 
energy of 4-7 Mev and an output of at 


least 2.5-3.0 kw. 


need for an 


Radiation Source 


Gamma emitters like Co® and waste 
fission products provide penetration 
considerably greater than our needs. 
However, their low dose rates necessi- 
tate very long dwell times for adequate 
dose. This creates some complex engi- 
neering problems to provide accurate 
and controllable dose. High-power 
X-ray machines also offer adequate 
penetration, but their power output is 
low and they pose many design prob- 
lems. Van de Graaff 
above 3 Mev are of tremendous size and 


accelerators 


comparatively low output. 

The source that appeared to meet our 
needs of adequate energy with high 
power output was the linac (2). 

Operating requirements for a com- 
mercially used linear accelerator are 
vastly different from those of universi- 
ties and research laboratories. Com- 
mercial sterilization demands continu- 
ous uninterrupted performance with 
unvarying beam characteristics. Low 
maintenance costs and ease of oper- 
ation are highly desirable, of course. 

Throughput. 
ity of a machine can be given in several 
ways: (a) in kilowatts, (b) in mass proc- 
essed per hour at a certain dose (1 mega- 
rad equals 4.50 kw-sec of radiation 
totally absorbed in 1 lb of product; at 
2.5 megarads a 1-kw device is capable 


The production capac- 


of irradiating 320 lb in an hour), (c) in 
area coverage per minute for a certain 
(l-ma beam current 
megarad to the useful-penetration 
thickness of 1,676 in?/min). 

The 100%-utilization capacities of 
three given in 
the table on this page. 

Using irradiation from one side only, 
the maximum utilization of ionizing 
energy cannot be more than about 60%. 
This is the area under the equal-en- 
trance-and-exit-dose line in Fig. 2. 
The area this line 
about 24% of the total ionizing energy. 
This part is really wasted as overdose 
in the sterilization process. The tail 
beyond the useful penetration, 


dose delivers l 


our machines are as 


above represents 


end 
representing about 16%, is also com- 
pletely lost because it leaves the 
product. 

Another important consideration is 
the efficiency with which an electron 
beam can be used. It is convenient 
to define three efficiencies, each corre- 
sponding to one of the dimensions of 
the product. Thus the scan efficiency 
is the fraction of the scan in which the 


beam hits the product. The loading 





FIG. 2. PENETRATION CURVE meas- 
ured with stack of slides shows depth of 
“useful penetration” (A) and area of 
useful dose, area of overdose (B) and 
area of wasted dose (C) 


efficiency is the fraction of time in 
which the conveyor motion places a 
part of the load under the beam. The 
penetration efficiency is that portion of 
the beam (measured in the direction of 
electron motion) that is usefully em- 
ployed as indicated by Fig. 2. Our 
2-Mev Van de Graaff and our linac 
both have 80% scan efficiency and 95% 
loading efficiency. Penetration effi- 
ciency of the Van de Graaff is 15-25%, 
and that of the linac is 20-40%. 


Facility Design 
We decided to house both the 2-Mev 


Van de Graaff and the linac in the same 
area and place them close to our older 





Capabilities of Three Accelerators 


Van de Graaffs Linac 


Beam energy 
(Mev) 
Beam power (kw) 
Capacity 
lb/hr at 
3 megarads 
in?/min at 
3 megarads 





sterilization facilities. This provides a 
logical flow of materials through our 
manufacturing operation and permits 
the greatest flexibility for any later 
mechanization we want to undertake. 

The accelerator building is separate 
from the main manufacturing building 
but connected to it by an enclosed pas- 
This permits eventual ex- 
pansion of the manufacturing area in 
facilities 


sageway. 
the direction of irradiation 
and at the same time maintains our 
normal process flow. 
Split-level building. 


among our engineers, the architect and 


Consultations 


the accelerator builder led to design of 
a split-level accelerator building shown 
On the lowest 
two 


in the figure on p. 87. 
(partly underground) are 
irradiation rooms each surrounded by 
This thickness was 


level 


7 ft of concrete. 
based on calculations of probable hard 
X-rays generated by electrons striking 
the belt other 
objects. 

Half a story higher and in front of 


metal conveyor and 


the target room is the production area 
for loading and unloading conveyor 
belts. We have only recently extended 
the conveyor system to lead into the 
manufacturing area. Operating con- 
trols and monitoring devices are also 
on this floor. About 3 ft higher, above 
the target rooms, are the accelerator 
rooms. 

The highest level is half a story above 
the production area. This is a mezza- 
nine that houses the high-frequency 
amplifiers and the power supply for the 
linac. Maintenance workshop and 
testing instruments are also on the 
mezzanine. 

Access to both accelerator rooms and 
target rooms is through a passage with 
two right-angle turns. These turns 
effectively block all stray radiation. 

Installation of our linac began in late 
1957, started the checkout 
early in 1958. 
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and we 





Monitoring 


Each installation has its own moni- 
toring problems that are peculiar to the 
process at hand. We cannot afford a 
single instance of lack of sterility in our 
product. We want to measure dose, 
scan width and penetration as it affects 
our product under processing condi- 
tions. We prefer continuous monitor- 


ing; a second choice is intermittent 
monitoring. 

Problems. We had to consider con- 
trol of machine parameters. With a 
linac this problem is a bit more compli- 
cated than with electrostatic acceler- 
ators. In an electrostatic accelerator 
like a Van de Graaff, controls are fairly 
Beam 
can be 


simple. current and scan-coil 


current read on ammeters. 


Accelerating voltage, which is very 
stable, can be measured on an electro- 
static voltmeter. 

After 


allowable variations in any of the three 


determination of maximum 
important parameters these changes 
can be fed into a computer circuit. 
This circuit gives a signal whenever the 
irradiation dose is reduced by a certain 
amount as a result of changes in any 
combination of parameters. The sig- 
nal can be recorded or used to actuate a 
marking device or kickoff mechanism in 
conjunction with the conveyor belt. 
Linear accelerators present a more 
difficult problem because the energy of 
not be measured 


the electrons can 


directly. Electron pulses are acceler- 
ated by an r-f traveling wave (2). 
Energy is affected by field strength and 
frequency of the r-f wave. Peak fre- 
quency is affected by various factors 
such as changes in line voltage, drift 


FIG. 3. SCAN CURVES show lack of 
lateral uniformity in dose (A), which 
preceded adjustments of magnet pole 
pieces and more uniform scan that 
followed (B) 
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in phase, defocusing, etc. Any change 
in energy of the r-f wave affects pene- 
tration, scan width and dose. 
Monitoring can be achieved in a man- 
ner like that for the Van de Graaff, ex- 
cept that a frequency parameter has to 
voltage. Scan- 


be used instead of 


width changes can be measured by 
metal absorbers placed at each end of 
the scan. 
~7, in. apart and wired to separate 


Two are spaced at each end 


The inner pair are always 
The 
If the 


of absorbers 


ammeters. 
touched by the scanned beam. 
outer pair normally are not. 

both 
record current; if it 


scan widens, sets 
narrows, neither 
does. 

A meter on the exit window records 
the electron current that the window 
absorbs. In genera] the more current 
absorbed in the window, the lower the 
energy of the electron beam. 

For preventive trouble shooting we 
find it important to monitor focus-coil 
currents, operating and pulse frequen- 
cies, vacuum, r-f power, line voltage, 
power-supply voltage and accelerator- 
room radiation level. 

Conveyor speed must be accurately 
controlled at the point of irradiation. 
In normal operation our 
speed is 15-18 in./min, and it is con- 
tinuously For maximum 
beam utilization our conveyor system 
is designed so that the product is irradi- 
ated continuously without spaces or 


conveyor 


measured. 


gaps in the flow of material. 

Linac operation. Our only way of 
measuring linac energy is to absorb the 
beam completely in a stack of dosimeter 
slides. From the readings of the slides 
in proper order, useful penetration is 
calculated and converted into electron 
energy. An energy of 1 Mev implies a 
penetration of 0.130 in. in unit-density 
material. Plotting individual readings 
against thickness produces an ioniza- 
tion-distribution curve. 

Scan uniformity with the linac was at 
first unsatisfactory. Dose range within 
the 14-in. scan was as great as 1.0 to 1.2 
megarads around a nominal dose of 2.5 
megarads. After proper adjustments 
in the pole pieces of the scanning mecha- 
nism the range was reduced to 0.5-0.7 
megarads (Fig. 3). This nonuniform- 
ity across the scan is still greater than 
that of the Van de Graaff, but for a 
sterilization process we can live with it 
if the average dose is right. 

Another beam-energy 
fluctuation during runs. Initially we 
had some large and many small fluctu- 


problem is 


ations. We learned to take care of the 
large ones by keeping the machine con- 
tinuously adjusted to optimum oper- 
ational settings. The many little fluc- 
tuations are still with us, but they do 
not affect our processing greatly. Ona 
few occasions when the energy was 
gradually dropping off over several days 
in spite of the fact that the machine 
was operating at the right settings, we 
could predict impending major klystron 
trouble through dosimetry. A 
continuous energy the 
linac would be a major improvement. 

With a year’s experience under pro- 


our 
indicator on 


duction conditions, we can say that we 


required about 6 months to obtain 


FIG. 4. PRODUCTION TRAY for testing 
machine output carries row of slides 
to test scan uniformity and stack of 
slides in cutaway slot to test penetration 


efficient and consistent operation of the 
equipment. 

Process monitoring. 
using ceric-cerous dosimetry (3) as a 


We have been 


primary standard, and blue cellophane 
(4) and rigid vinyl film (4) as secondary 
standards. Rigid viny! film as a do- 
simeter is suitable for the following 
measurements: (a) total useful 
penetrations, (b) ionization distribu- 


and 


tion, (c) absorption in nonhomogeneous 
objects, (d) scan width and uniformity. 

At the beginning of each shift on the 
linac a production tray is put through 
(Fig. 4). It contains a row of 14 rigid 
vinyl slides to test scan width and uni- 
formity and a stack of 60 slides, which 
is thick enough to absorb the beam 
completely. Each slide measures 3 X 
1 X 0.015 in. 
a 34-in. plywood board to reduce back- 
scatter. The are 
placed side by side across the board 


The slides are placed on 


row of 14 slides 
with their long dimensions in the direc- 
tion of travel. They numbered 
consecutively so that their positions 


89 


are 





will not be forgotten. A cutout 
vides a place for the stack of 60. 


pro- 


the slides are re- 
The four- 
teen slides across the tray tel] us whether 


After irradiation 
moved, developed and read. 


(a) the scan width is adequate to cover 
the product, (b) the dose is right, (c) 
the dose is acceptably uniform within 
the scan width. From the stack, we 
get the depth of useful penetration. 
The procedure is similar for the 2- 
Mev Van de 
that only four slides are needed for sean 
width and 20 for penetration 
As a spot check for dose 
slide on plywood in the center of a tray 


Graaff machine except 


a single 


is sent through the conveyor system 
every hour. 

Product monitoring. A rigid viny! 
slide is placed under the product in the 
The 


slides are numbered consecutively, and 


direction of travel, on each tray. 
the numbers also identify the trays. 
The slides are removed after irradiation, 
developed and read at their lightest 
point. Only if this reading indicates a 
sterilizing dose is the tray released for 
sterility sampling. Otherwise the 
material has to be salvaged. 


Package Design 


We are now packaging our radiation- 
sterilized sutures in the aluminum-foil 
packages shown on the cover, on page 
87 and in Fig. 5. We devoted a great 
deal of effort to investigation of alumi- 
num-foil-plastic The _re- 
sulting package is impermeable, at- 


laminates. 


tractive, and easy to open by tearing 
It takes irradiation well. 
disadvantage is that it is 


An apparent 
opaque. 
However, our field evaluation showed 
that there is no preference for a trans- 
parent package. Ease of opening and 
good identification are found much 
more important. 

Our first packaging ideas revolved 
around plastics because they are trans- 
parent like glass tubes. We deter- 
mined the irradiation characteristics of 
a large number of plastic films. Simul- 
taneously we studied the permeabilities 
of these films. We had to 


plastic that could withstand irradiation 


select a 


and, more importantly, that was imper- 
meable to the fluids inside and outside 
the package. Inside the package is 
90% isopropy] alcohol to make the cat- 
gut pliable. 
in a jar containing 97 % isopropy! alco- 
hol and 1% formaldehyde. This stor- 
age solution is intended to sterilize and 
to maintain the sterility of the outside 


90 


The packages are stored 


of the packages. Any significant pene- 
tration of formaldehyde to the inside 
will destroy the catgut. Kel-F 500 
was the only plastic film that satisfied 
our strict requirements, and it proved 
too expensive. 


What Does It Cost? 


While it is difficult to adjust cost 
figures from one irradiation operation 
to another, the elements of cost can be 
identified and some rough estimates 
can be made. 

Available 
accelerators range from about $50,000 


Capital costs are high. 


to nearly $200,000 depending primarily 
on power output. Monitoring and con- 
trol equipment can range from as low as 
$5,000 to as high as $75,000. Finally 


the facility costs will depend on the 


FIG. 5. OPENING NEW PACKAGE is 
quick, easy and safe. There is no 
glass to cut the nurse or contaminate the 
operative field 


type of construction and the space re- 
In turn, the 
quirements and type of construction 


quirements. space re- 


depend on accelerator type. For in- 
3-Mev Van de Graaff ma- 
chine requires a minimum of 20 X 25 ft 
with at least 30 ft vertical headroom. 


stance, a 


4 modern linac requires much less 


space, particularly in the vertical 
direction. 

The principal operating expenses are 
labor and maintenance. A single ac- 
celerator needs a competent technician 
for operation and at least one addi- 
technician to assist in mainte- 
Additional labor is required 


for loading and unloading the product 


tional 


nance, 


on conveyor belts. 

Maintenance and repair costs vary 
with the type of accelerator. Probably 
the highest cost is experienced with the 
linear accelerator and will average 
This 
Most 
of our linac breakdowns are associated 


about $12.50 per operating hour. 
includes only replacement parts. 


with failures of high-voltage diodes, 


thyratrons and klystrons. The accel- 
erator tube can cause trouble if mis-. 
aligned or if the beam is not properly 
focused. Generally the repairs take 
from a few minutes to a couple of hours. 
Vacuum troubles take one or two days, 
but they happen very seldom. 
Shutdowns on the Van de Graaff are 
mainly caused by loosening or break- 
down of the belt, breakdown of belt 
spacers or equipotential rings. Shut- 
downs are very infrequent, but they 
require one day for repairs because the 
tank has to be removed in each case. 
Klectron-beam sterilization is not 
cheap. However, it is unfair to make 
direct cost comparisons between elec- 
tron-beam sterilization and other forms 
of sterilization. Some objects can be 


sterilized only by electron beam. 


Newer 


possible only with this new method of 


forms of packaging may be 
sterilization. 


Developments now under way in 
amplifiers 
reduction in both initial 
This the 


advantages of mechanization may well 


high-frequency promise a 


major and 


operating costs. plus cost 


bring the cost of radiation sterilization 
to that of heat. 


Safety 


Our whole installation is designed for 


maximum safety. Shielding is ade- 
quate for nearly complete absorption of 
all radiation. The doors leading to the 
target and accelerator rooms are locked 
and interlocked with the 


Opening of any of these doors will turn 


machine. 


off the machine instantaneously. 
When the machine is turned on, there is 
a delay in starting up. During this 
delay a horn sounds repeatedly to warn 
people that irradiation is about to begin. 
Through a maze-and-mirror system, 
the target room can be easily inspected. 

The highest radiation level we have 
detected in any area occupied by per- 


Under 


normal operating conditions the radi- 


sonnel is less than 0.5 mr/hr. 


ation level is about one tenth of this. 
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>rnational technician with countercurrent distribution apparatus used to study moderator-coolant for Organic Power Reactor 


Begin with the knowledge of experienced scientists . . . tion * High inherent safety and flexibility + Reliability 
conduct a seven-year research and development program 

collect a wealth of solid operating experience. Result: 
GUARANTEED PERFORMANCE of a nuclear power reactor, * Non-corrosive moderator coolant * Low pressure system 
designed by Atomics International to help meet the world’s * Conventional, off-the-shelf components and materials 
power needs. * Easy access during operation 

This is the Orcanic Power ReEactor—outgrowth of 
research and development on the organic system and opera- 
tion of the Organic Moderated Reactor Experiment (OMRE) 
conducted by Atomics International for the U.S. Atomic 
Energy Commission. 


resulting from 


Atomics International is ready to furnish complete 
Orcanic Reactor electric power plants, including fuel 
elements, in a wide range of power levels. An experienced 
field staff will assist with initial plant operation, personnel 
training and maintenance procedures. 

Outstanding advantages of the ORGANIC POWER For details contact: ATomMics INTERNATIONAL, Canoga 
REACTOR: Low capital investment * Low cost opera- Park, California, U.S.A. Cable address: ATomics. 


4% ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC, 
PIONEERS IN THE CREATIVE USE OF THE ATOM 


Other offices in: Washington, D.C., U.S.A.; Geneva, Switzerland, Affiliated with: INTERATOM, Bensberg/Cologne, Federal Republic of Germany 
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MULTIPLEX PULSE-HEIGHT ANALYZER SYSTEM. 
detector signal is split, going by way of coder or analyzer 




















Each to recorder. 


Coder 
originating detector. 








signal to recorder identifies 
Time of event is also recorded 


Multiplex Pulse-Height-Analyzer System 


By ALMON E. LARSH, Jr. 


Radiation Laboratory, University of California, Berkeley, California 


In cases where the maximum count- 
ing-rate capabilities of an analyzer are 
not fully utilized, the multiplex pulse- 
height-analyzer system allows a single 
multichannel analyzer to analyze and 
record spectra simultaneously 
several detectors. 

In the operation of this system (see 
illustration), the amplified detector sig- 
nals (more or less than the three shown 
in the diagram) are split and part sent 
to the coding device and part to the 
mixer-amplifier. The mixer-amplifier 
output is fed to a 
height analyzer and thence to the re- 


from 


common pulse- 


corder. A simultaneous coding signal 
designates the detector originating the 
pulse. Where 
important, time is also recorded. 


time coincidence is 


Circuit Components 


Our multiplex pulse-height-analyzer 
system is comprised of the basic units 
shown in the block diagram above. 

The preamplifiers and amplifiers are 
The mixer-amplifier has 
& passive mixer (a resistor network) and 


conventional. 


a window amplifier to deliver a suitable 
signal to the pulse-height analyzer. 
The analyzer must be able to supply 
coded pulse-height information to the 
recorder. Either a 
nator or height-to-time type of analyzer 


92 


biased diserimi- 


can easily be modified to supply these 
signals. 

The analyzer has an input gate that 
closes shortly after a signal comes 
in. If a the 
analyzer before the input gate can 


second signal enters 
close, the larger of the two will be 


analyzed and recorded along with 
detector identification. 

Two signals occurring in time coinci- 
dence are analyzed and recorded as a 
sum pulse, as in any analyzer. The 
identification is that of the detector 
with the higher code letter. In alpha 
pulse-height analysis, this obviously 
ambiguous result is discarded. 

The coding circuit consists of a 
coincidence amplifier and trigger pair 
information 
Whenever a detector amplifier 


for each channel or de- 
tector. 
supplies a signal to the coding circuit 
and the mixer-amplifier passes it on to 
the pulse-height analyzer, the coding 
circuit is allowed to generate an identi- 
fication signal and send it to the re- 
corder for storage. 

Time data are fed into the recorder 
continuously but stored only after an 
event has been analyzed and coded. 

The recorder can be a paper-tape 
punch or a 
Punched 


printer, a paper-tape 
magnetic-tape recorder. 


cards were rejected because of the 


system’s relatively slow rate of storage. 


Experimental System 


To test the idea, a was 


assembled of 


system 
existing 
The coding circuit was the only new 
The pulse- 


components. 


type of equipment needed. 
height analyzer was a Los Alamos-—de- 
100-channel height-to-time 
model.* This analyzer provided con- 
for the 


signed 


venient decimal information 
recorder. 

The recorder was a Clary parallel- 
entry paper-tape printer. The printer 
contained a synchronous motor driving 
an accumulator, which printed elapsed 
time whenever detector and channel- 
number data were printed. The timer 
could be started at any preset time. 
Detectors were identified on a column 
of letters. A second column of letters 
identified pulse-generator pulses, which 
could be fed through the system during 
experimental runs to keep a continuous 
check on the operation of the system. 
Three columns of numbers were avail- 
able for pulse-height use. Only two 
were used on the first system. 

Composite data were stored in 100 


* RK. D. Hiebert, G. L. Evans, R. J. Watts. 
The Model-15 100-channel 
analyzer, LA-1565 (1953). 
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a vital role at Hinkley Point 


Plessey Burst Slug 
Detection Equipment 
has already been 

chosen for 

Calder A and B 
Chapelcross 

Marcoule, France 
Bradwell 

Reaktor A.G., Zurich 
Kernreaktor, Karlsruhe 


& now Hinkley Point 


Other Plessey Nucleonics activities include: The accumulated knowledge, development 


ran Samnig Rates © facilities and manufacturing technique 
Health Instrumentation including « ; : 
reactor effluent of Plessey Nucleonics Ltd. are available as a 


monitori stems : ‘ : : . 
Pulse pm technical service to design engineers in 


D.C. Amplifiers every related field of Nuclear 


Ratemeters . é 
Reactivity Meters Instrumentation. Plessey engineers are 
Installed Test Equipment 
Power Units 
Ion Chambers and Counters to U.K. and overseas authorities. 


currently giving this service 


| Plessey | PLESSEY NUCLEONICS LIMITED 


Weedon Road - Northampton - England - Tel: Northampton 4966 
Overseas Sales Organisation: - Plessey International Limited - Ilford - Essex - England - Tel: Ilford 3040 

@® Pn. 5 
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for work ina 
controlled 
atmosphere 


‘INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 92 


Sodeco registers in the pulse-height 
analyzer. 


Results 


The system has been operating 
satisfactorily on a routine basis for 
approximately one year. 

The unique characteristics of the 
system were used to advantage in the 
discovery of element 102.f With the 
multiplex system, it was possible to 





BLICKMAN | 


a 

1G. 

VACUUM DRY BOX | fies. also NUCLEONICS 16, No. 8, 111 
| 58). 


Designed for safe handling of 
radio-isotopes, reactor fuel con- 
taining Plutonium or U233 and 
other hazardous substances. With 
air-lock, it can be sealed to create 
a vacuum. Fabricated of stainless 
steel plate—34” long x 26” high x 
24” wide at base. Air-lock meas- 
ures 18” x 12”. Send for Techni- 
cal Bulletin A-2. 


FOR SAFE HANDLING OF 
RADIOACTIVE MATERIALS 


| 


siddiniiliane FUME HOOD 


Originally designed and developed 
for the AEC, this Fume Hood as- 
sures maximum safety in the han- 
dling of radioactive materials and 
radioactive isotopes. Sturdy 14- 
gauge stainless steel, round corner 
construction provides long life 
- + » easy cleaning and decontam- 
ination. Send for Technical Bul- 
letin E-3. S. Blickman, Inc., 7903 
Gregory Avenue, Weehawken, N.J. 


BLICKMAN 


LABORATORY EQUIPMENT 


Look for this symbol of quality [ulCuruenl 
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+ A. Ghiorso, T. Sikkeland, J. R. Walton, 
T. Seaborg, Phys. Rev. Letters 1, 18 


(19 


analyze five radioactive samples simul- 
taneously and thus to determine the 
half-life of the element 102 isotope. 

A new system is being assembled 
using a Penco PA-4 height-to-time 
converter chassis, binary channel- 
number information and a magnetic- 
tape recorder. An electronic clock will 
supply time data. By using magnetic- 
tape storage, a gain will be made in the 
maximum allowable rate of data ac- 
cumulation. Automatic processing of 
stored data will be possible. 


* * * 


The basic system was devised at UCRL in 
conjunction with Albert Ghiorso and reduced 
to practice in conjunction with D. F. Mosier. 
This work was done under the auspices of the 
U. 8. Atomic Energy Commission. 





Precise Positioner for Large Instruments 


The above device, by manual or remote 
operation, positions instruments weigh- 
ing up to 50 lb in the horizontal plane 
of an accelerator target with a 
cision of +0.1 deg in angular position 
and +0.5 mm in distance from target. 
|Instruments and counterweight are 
suspended from 24-ft-long, 3-in. alumi- 
num I beam rotating on automobile 
wheel and hub welded to 9-ft-long, 4-in. 
steel pipe clamped to ceiling beam; 


pre- 


vertical axis passes through accelerator 
Endless steel tape graduated 
at 10-cm intervals rides on pulleys 
mounted at ends of beam. Auxiliary 
steel rule at end of beam gives position 
to within 1 mm. Trolleys riding on 
bottom rib of I beam are clamped to 
opposite sides of tape so that motion is 
symmetric. For manual operation, 
| angular position can be set and read to 


target. 


1 deg on graduations scribed on brake 
drum; radial motion is achieved with 
end nuts on pulleys and extension 
wrench. Two servo systems for re- 
mote angular and radial positioning 
each consist of pair of 25-turn, 2,000- 
ohm helical Brown 
amplifier and reversible motor. Heli- 
pot and motor for radial positioning 
are each attached to pulley at opposite 
ends of I beam. Helipot and motor 
for angular positioning are mounted on 
gearbox above central bearing. Heli- 
pot and amplifier for each system are 


potentiometers, 


mounted in control room.—Based on 
paper submitted by E. E. Donaupson, 
Hanford Laboratories Operation, Gen- 
eral Electric Co., Richland, Wash. 
(Present address: Dept. of Physics, 
The State College of Washington, 
Pullman, Wash.) 
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SPECIFICALLY FOR 
NUCLEAR APPLICATIONS 


These transducers are an engineered family of highly reliable instruments for measuring pres- 
sure temperature, flow, liquid level and differential pressure. » » Compact and rugged con- 
struction enables the units to meet the severe environmental conditions of MIL-N-19900 while 
maintaining outstanding accuracy. » » For any transducing application wherein reliability is a 
paramount consideration you should review the specification of these nuclear transducers. 
Consolidated Controls Corp. also designs and manufactures complete Instrumentation and 
Control Systems using static components. Complete details available by contacting Dept. NT. 


CONSOLIDATED CONTROLS CORP. 
BETHEL, CONN., INGLEWOOD, CALIF. 
A SUBSIDIARY OF CONSOLIDATED DIESEL ELECTRIC CORPORATION, 


STAMFORD, CONNECTICUT 
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WILL YOUR PRODUCTS 
RESIST ,, 


Reitlithion 


~~ 


eT age | 


TESTING WILL GIVE 
THE ANSWER 


If your products are to be subjected to 
radiation, there is just one way to know 
in advance how they will stand up, and 
that is to test them by applying the same 
type of radiation they will receive in 
actual use. And, fortunately, you need not 
have the apparatus for doing the testing. 


Here at the MIDWEST IRRADIATION 
CENTER you can have the services of 
an ARCO eight-million-electron-volt 
linear accelerator and competent per- 
sonnel — all on a rental basis for testing 
a wide variety of materials and equip- 
ment. And remember, in a matter of 
hours we can subject your product to 
as much radiation as it might receive in 
normal use over a period of years. 


Available for Research and 
Commercial Processing 


You can also use the CENTER for the 
irradiation processing of products, either 
for research or commercial use. The 
accelerator produces high-energy elec- 
trons, neutrons, and X-rays and will 
treat both thin and thick materials. 
Space is available for setting up experi- 
ments, and locked storage is provided. 
Groups need only be concerned with 
experiments . . . the CENTER will do 
the processing. 

Tell us your requirements. Full informa- 
tion will be furnished without obligation. 


Midwest Irradiation Center 


W. F. & JOHN BARNES CO. 





350 SOUTH WATER STREET 
ROCKFORD, ILLINOIS 





lon Chamber Can Detect 
Nucleate Boiling 


By L. R. BOYD 


Atomic Power Equipment Department, General Electric Co., San Jose, California 


In-pile and other experiments prove 


| the feasibility of using neutron-sensi- 


tive ion chambers to detect nucleate 


boiling in a reactor core. The ion 


| chamber is placed in the region of the 


reactor core most likely to boil. Voids 


| in the water moderator caused by boil- 


ing decrease the moderation and thus 
cause fluctuations in the thermal-neu- 
tron flux. 
ion-chamber signal then corresponds to 
the magnitude of bubble formation and 


The a-c component of the 


thus indicates the intensity of boiling. 


Principles of Operation 


The variations.normally present in 
ion-chamber currents are those due to 
the random arrival of neutrons at the 
ire- 


chamber. Thus the energy 


quency cycle is equal over the fre- 


per 


quency band pass of the associated 
instruments. The average d-c volt- 
age, V, and the total RMS noise volt- 
age, V,, across F in Fig. 1 aret 


V =rq2/e 
V.. = (q/c)(rx/2)*2 


where gq =rms charge per ionizing 
pulse, r = RC and x = average pulse 
rate in chamber. To the first approxi- 
mation, the local neutron flux density 
and, hence, the output of the ion cham- 
ber, V, is proportional to the local 
moderator density, pin. 
to boiling, S, which is the change from 


The signal due 


the average of the ion chamber signal, 
is then S = KV, where K equals the 
fractional change in local moderator 


* Nucleate boiling occurs at a water- 
metal interface when the metal-surface 
temperature exceeds the boiling point while 
the bulk-water temperature remains below 
the boiling point. Vapor bubbles form on 
preferred points (nucleation centers) of the 
metal surface. The coefficient of heat 
transfer at the interface increases consider- 
ably with the occurrence of nucleate boiling 
due to the disruption of the water boundary 
layer. However, at too high a metal-sur- 
face temperature, a vapor blanket forms 
that provides insufficient heat transfer. 
This causes a large temperature rise in the 
heating element and burnout. 

+L. Schiff, R. Evans, Rev. Sci. 
456 (1936) 


Instr. 7, 


H.V. supply 


To os 
amplifier 
. > 
{ " — 
lon chamber - 
C(cable i am \ 
capacitance 
ace = R(collector-to- 
ground resistor) 


Collector 
f electrode 





FIG. 1. 


lon-chamber schematic 


density. Similarly, the rms signal due 
to boiling, S,, is S. = K.V, where K, = 
the rms fractional change in local mod- 
The 


ground-noise ratio is thus 


erator density. signal-to-back- 


S,/V, = K.V/V, = K,(2rx)** 


This is true so long as the boiling-signal 
frequency is not above the frequency 
cut-off of the RC filter of Fig. 1. 
Experimental Results 

The above theory was tested by the 
results of three experiments. The bub- 


function of 
heater power was studied with a strobo- 


ble-formation rate as a 
scopic light to determine the frequency 
range of the boiling signal. 

An electrically heated nichrome rib- 


on 
oO 
oO 


o) 
S 


Different 

bubble 

source 
x 


S 
>. 


Relotive Power 


Same 
bubble source 
100 — 4 
20 30 40 50 60 
Bubbles/Sec 











FIG. 2. Bubble-formation rate as func- 
tion of heater power; relationship is 
roughly proportional. Nichrome heater 
ribbon was 4 X }¢ in. 
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Thermal Plant 
Simulator 
simplifies 
nuclear 


You quickly get the feel of nuclear power plant 
response with the new Honeywell Thermal 
Plant Simulator. When used with the Reactor 
Simulator, it realistically simulates operation of 
a reactor with a non-boiling coolant and a 
thermal plant with heat exchanger and steam 
loop. 


The Thermal Plant Simulator provides valuable 
training in thermal loop dynamics. . . simply, 
safely, economically. To set up a typical atomic 
power plant program, just plug in prewired 
connectors that mate appropriate computing 
networks and instruments. For non-standard 
programs, an integral general-purpose patch- 
board permits complete flexibility. 


The Thermal Plant Simulator gets reactor flux 
information directly from the Reactor Simu- 
lator, simulates operation of a thermal plant, 
and feeds back control data to the Reactor 
Simulator. Together, they permit complete and 
detailed studies of neutron and thermal dy- 
namics. Thus they provide realistic training 
that can be duplicated only through operation 
of an actual nuclear power plant. 


Your nearby Honeywell field engineer can give 
you full details. Call him today .. . he’s as near 
as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Win- 
drim Avenues, Philadelphia 44, Pa. 


Honeywell 
Fiats we Coitttol 
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THERMAL PLANT SIMULATOR has plug-in con- 


nectors for typical power plant programs . . . 
patchboard panel for non-standard programs. 





NUCLEAR REACTOR SIMULATOR teams up 
with Thermal Plant Simulator to provide realistic 
nuclear power plant training. 


simplicity itself! 














DOUBLE TAPER hot cell windows 


Easy to buy, easy to install. The Penberthy double-taper window 
is simply pulled into place from its shipping pallet. Both hotside and 
coldside varieties are available—no grouting or shotfill is required 
in either case. 

Lead glasses by Penberthy start clear and stay clear. Whether 
airsealed or oilsealed, these windows do not fog and do not leak. 

Penberthy windows—about two thousand of them—have been in use 
since 1949, in many countries and climates—from one inch to six feet 
thick—from 10 pounds to 18,000 pounds—in densities from 2.5 to 6.2. 


Originators of heavy lead glass 


PENBERTHY 
INSTRUMENT CO. 


4301 6TH AVE. SOUTH e¢ SEATTLE 8, WASH. 


*Ree US Per OFF 
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INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 96 


bon immersed in a beaker of water 
served as a heater and source of bub- 
bles. With constant power and the 
stroboscopic light synchronized with 
the bubble-formation rate, each suc- 
ceeding bubble would appear in very 
nearly thesame stage of its development. 

The rate of bubble formation was 
found roughly proportional to the 
heater power, though the rate for a 
given power varied from point to point 
(Fig. 2). An increase in the water 
temperature significantly lowered the 
bubble-formation rate. In general, 
the rate was 25-60/sec. A signal due 
to boiling would thus be expected to be 
in this range. 

A second experiment was run in the 
Thermal Test Reactor at KAPL to 
demonstrate the effect of moderator- 
density variation on an ion-chamber 


Plash¢ cyclinder 
(2° dia.) 


lon chamber 
(1/2° dia ) 


Rotating plug 
‘Flexible shaft to motor 


FIG. 3. Mechanical device used to 
study effect of moderator density on 
ion-chamber signal. Device was placed 
in hollowed-out graphite block of re- 
actor. Rotation of plastic plug with 
peripheral hole varied effective moder- 
ator density seen by chamber by 1-2%; 
plug was rotated at 1,800 rpm 


signal. The density variation was ob- 
tained by mechanical motion (Fig. 3). 
The thermal-neutron flux at the ion 
chamber was about 10" nv; the fast 
flux was about 10° nv. 

The voltage across the resistance 
from the collector electrode of the ion 
chamber to ground was fed through a 
capacitor to an a-c amplifier. The am- 
plified signal was then passed through 
a band-pass filter and displayed on a 
scope and photographically recorded. 

To determine whether the void in- 
creased or decreased the signal from 
the ion chamber as it approached the 
chamber, a blanking signal was ob- 
tained from a rotating contact on the 
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Another 
Significant 
Contribution 


to the field of 
Radiation Measurement 


by 


Amperex* 


Vv 


The Amperex Type 18515 Beta Tube 
and Type 18517 Anti-coincidence Guard Tube 
For Low Level Measurements 


AMPEREX, first to manufacture production quantities 
of Geiger-Muller tubes with completely uniform and 
predictable characteristics, and subsequently, pioneers 
in the development and mass production of stable, 
unlimited-life, halogen-quenched Geiger tubes, has 
again turned its ‘proprietary’ manufacturing tech- 
niques to the implementation of a significant new 
development in radiation measurement from the re- 
search laboratories of Philips of the Netherlands. 


The Type 18515 beta detector and 18517 guard counter 
comprise an extremely sensitive, highly compact and 
permanently reliable beta counting system. 


The advantages attending this new AMPEREX radia- 
tion counter tube configuration are indeed striking: 


® A single guard counter now replaces the multi-tube 
array heretofore required in low background systems. 

® Only 400 lbs. of lead shielding are required to achieve 
backgrounds of 1 cpm—thus eliminating as much as 
3000 lbs. of shielding material necessary for a con- 
ventional system. 


® The resultant simplification in circuitry, plus the elim- 
ination of multi-guard tube malfunctions, provides a 
dramatic increase in system reliability. 

= By virtue of its unique design, the beta detection 
efficiency of the 18515 greatly exceeds that obtained 
by any previous halogen-quenched, thin-window tube. 


® Because of its unique construction, processing, and 
gas mixture, the cosmic ray efficiency of the guard 
counter is virtually 100%. Thus, NO meson can actu- 
ate the inner tube without simultaneously actuating 
the guard counter. 


® Utmost care has been taken in the selection and proc- 
essing of all materials used in these tubes to reduce 
the effects of radioactive contamination. 


® The Type 18515 can be supplied with a mica window 
1.5—2 mg/cm’, or, where a further reduction of back- 
ground is required, with a steel foil window 8 mg/cm". 


For additional information, write to Semi-Conductor 
and Special Purpose Tube Division, Amperex Electronics 
Corp., 230 Duffy Avenue, Hicksville, L. I., New York. 
In Canada: Rogers Electronic Tubes & Components, 
116 Vanderhoof Avenue, Toronto 17, Ontario. 


Ep) ask Amperex 
i about their full range of radiation counters, 
high temperature radiation counters, 
photomultipliers, photo-sensitive devices, 
indicator tubes, premium electron tubes 
and semi-conductors. 
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Ils it Matter-Antimatter 
I . 


Water outlet 


Water inlet 
0-C 


Smash-up? 


Heoter ribbon’ 





Shielded ion chamber’ 


FIG. 4. Assembly used to measure 
effect of boiling water on chamber signal 
under reactor conditions. Water flow 
through }4-in.-thick annulus was 100 
cm*/min 


The 


|signal from the chamber was found to 


|same shaft as the plastic plug. 


| be at a minimum when the hole in the 
| plug was nearest to it. In this experi- 
ment, it was found that increasing the 
| frequency band width from 10 to 100 
| cycles increased the background by 
|about a factor of three 

| The final experiment was designed 
'to measure the effect of actual boiling 
| on the ion-chamber signal. The assem- 
| bly shown in Fig. 4 was placed in the 
Thermal Test Reactor. The a-c com- 
|ponent of the ion chamber was ampli- 


fied and passed through a variable 


ae rr : 
| band-pass electronic filter. The signal 
| was then fed toa Ballantine True-RMS 
The 


Meter and displayed on a scope. 


This is Messier 87—one of many galaxies and nebulae radiating 
radio energy throughout time and space. 





What primeval force motivates this celestial radioactivity ? 


Untilan RCA Multiplier Phototube successfully recorded the 
antiproton at 75 to 77 percent of the speed of light, this phenomenon 
was indeed wrapped in a physical enigma. Now, the discovery of 
the antiproton lends support to the theory of antimatter. 

Thus, today, many cosmologists share a speculation that radio 
emission from the stars is caused by energy released in space when 
antimatter and matter collide. 


3S a 


on 


Signal Strength (db) 


Whether you are working in the field of astrophysics, nuclear- 
radiation instrumentation, or low-level light detection, look to RCA 


o 


for multiplier phototubes to meet your needs. RCA Multiplier 
Phototubes are designed to operate with extremely low noise output 
and low dark current. Many of them have the fastest time- 
resolution of any commercial types available. 


Your RCA Industrial Tube Distributor handles a complete line of 
RCA Multiplier Phototubes. For prompt, efficient service, call him. 
For data on specific RCA Multiplier Phototube types, write: 

RCA Commercial Engineering, Section C-31-U, Harrison, N. J. 


RADIO CORPORATION OF AMERICA 


Electron Tube Division Harrison, N. J. 
® 
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Frequency (cps) 


FIG. 5. Data obtained with boiling- 
water device (Fig. 4) with 150° F water 
and several heater powers. Filter at- 
tenuation was 18 db/octave. Settings 
were continuously variable from 20 cps 
up; since only setting lower than 20 cps 
was zero, spectrum below 20 cps is not 
well defined. Points were plotted at 
center of frequency intervals; thus lowest 
point was plotted at 10 cps 
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MORE 


RADIATION 
PER DOLLAR 


Atomic Energy of 


intermediate specific activity range’ 4 
curies per gram. 

Many applications of gamma diation do 
require the more costly high specific activity need- — 
ed for “point” sources or =n i 2 Du ces. 


MORE RADIATION 
YOUR DOLLARS. 


This Cobalt 60 can be pack cee 2 : at 
of almost any configuration. If one es our many 


standard “pencil” types does not meet your 
needs, we will make one that does. Welded 
stainless steel encapsulation is our forte. ) 


You are cordially invited to For further information on Cobalt 60, or the 


visit us at booth #438 at the design and construction of sources and irradiators, 
Atom Fair Cleveland, Apr. 


5-10, 1959 please write to: 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 
9. Gen 93, Ottawa, Canada 
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LOOK TO TOBE FOR PROGRESS 


At the recent Geneva Atoms-For- 
Peace Conference, Los Alamos sci- 
entists unveiled Scylla—a fusion de- 
vice used to heat a plasma of ionized 
heavy hydrogen particles millions of 
degrees by blasting it with a 600,000- 
ampere thunderbolt. 


Surrounding the heart of this ther- 
monuclear machine is a bank of 
Tobe low-inductance, energy-storage 
capacitors...each rated at 100,000 
volts each capable of a 20,000 mega- 
watt peak surge. 


600,000 
amperes 
help harness 


Why Tobe capacitors? Because only 
Tobe, with over 30 years of capaci- 
tor manufacturing experience, could 
meet the rigid design specifications 
set for the project. Tobe can meet 
yours too. So, whether you need a 
bank of thermonuclear energy-stor- 
age capacitors or a miniaturized 
tubular, talk to Tobe. Our engineers 
speak your language. 


For further technical information 
or engineering aid, write Tobe- 
Deutschmann Corp. Norwood, Mass, 


ODUCTS 


TOBE DEUTSCHMANN > 
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CAPACITOR PIONEERS SINCE 


1922 


| INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 96 


advantage of the meter is that the back- 
ground signal when reduced to rms 
voltage variation per cycle is, for a 
given signal level, equal over the fre- 
quency range of the electronic circuits. 

Figure 5 is a plot of the data. The 
amplitude and upper frequency limit 
increased with boiling intensity. This 
agrees with results of the first test in 
which the bubble-formation rate was 
measured. 

To apply the flux-variation method 
of nucleate boiling detection to power 
reactors, it is necessary that the ion 
chambers be small enough to prevent 
an appreciable flux perturbation. In 
addition, the chambers must operate 
at elevated temperatures and in in- 
fields. Although the 
the method 
with the rate of ionization in the cham- 


radiation 
sensitivity of 


tense 
increases 


with increasing reactor flux), 
the maximum sensitivity is limited by 


ber (i.e., 


the current-carrying capacity of the ion 


chamber. 
*~ * * 


The author u ishes to express appreciation 
Knolls Atomic Power Labora- 
in conducting the 
performed 


to Lynn Tabor, 
able assistance 

experiments. This work 
contract W-31-109 Eng-52. 


tory, for 
uas 


under 
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Reprints Available | 
| 


Foldout descriptions of 
reactors on the line 


EBWR (July '57) 


APPR (Aug. '57) 


SRE (Dec. '57) 


VBWR (Feb. '58) 
PWR (April '58) 


ORR (Aug. '58) 


ALPR (Feb. '59) 


25 cents each 


Reprint Dept. 


NUCLEONICS 


330 W. 42nd St., New York, N.Y. 
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Lead shot for “problem” locations such as shielding 
coils and around loose-fit ports and windows. 


Shielding Lead 


produced with 


National Lead 


know-how 


Lead shielding supplied by National Lead Company has a 
built-in fitness for the job that derives from our long 
familiarity with the metal, wide experience in its fabri- 
cation and resourcefulness in its application. 

In more than a century’s intimate association with 
lead, from the delivery of ore to our smelters, to delivery 
of finished products to our customers, lead’s properties 
and potentialities have been well probed and thoroughly 
understood by National Lead. 

What does this mean in the manufacture of shielding? 
Just this: Knowing which grade of lead or lead alloy is 
best for the intended conditions of use — common, chemi- 
cal or tellurium. Knowing which forming method is best — 
extrusion, casting, rolling, etc. Knowing optimum pour- 
ing temperatures and cooling rates, in order to prevent 
voids. Suggesting economical short-cuts in fabrication 
or assembly. 

From ten-ton slabs to ten-micron particles, National 
Lead can supply virtually everything you need in lead 
shielding. When you specify, remember this — 

National Lead know-how makes the most of lead’s 
inherent gamma ray absorption properties. 


National Lead Shielding 


NATIONALLEAD COMPANY - New Yorké6; Atlanta; Baltimore 3; 
Depew (1 ; Chicago 80: Cincinnati 3; Cleveland; 13; Dallas 2; 


A) 
Pittsburgh $t. Louis 1; Boston 6; (National Lead Co. of Mass.); f } 
408 we Morris P. Kirk & Son, Inc); Toronto, Canada 
Canada Metal Company, Limited) 


Vol. 17, No. 3 - March, 1959 


w 
_ 


Lead brick for temporary or “portable” shields in hot 
labs, hospitals, etc. Curved or flat. 


Lead wool for calking joints be- 
tween slabs in massive shields where 
“burning” is impracticable. 


‘‘Universal’’ Type Isotepe 
Container. Aluminum-jacketed, 
lead-filled, furnished in 1”, 2”, or 3” 
thick lead protection. 
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W. H. Zinn Evaluates Russian Reactor Progress 


At the request of the Joint Committee on 
Atomic Energy, W. H. Zinn (President, 
General Nuclear Engineering Corp.) pre- 
pared the following evaluation of USSR 
progress in reactor technology based on the 
Russian presentation at the 1958 Geneva 
Conference. Zinn’s comments (which are 
published here with minor deletions) repre- 
sent the combined impressions obtained by 
Zinn and his staff from their Geneva par- 
ticipation. The information originally 
appeared in the form of a letter sent to the 
Joint Committee last fall. 


Perhaps the strongest impression I 
have acquired is that [Russian] techni- 
cal progress is rapid, and that it is 
closely coordinated with a program of 
building intermediate and large-scale 
power reactors. The fact that there 
are now under construction fairly large 
reactors involving technology that the 
USSR obviously did not have in hand 
in 1955 indicates that the research and 
development supporting effort, as well 
as the program of reactor construction, 
must be large and vigorous. As exam- 
ples for this statement, I would offer 
the following: 

© In 1955, the USSR obviously did not 
have a program involving boiling water 
reactors; in fact, considerable skepti- 
cism the 
feasibility of removing steam from 
practical size reactors. Nevertheless, 
there is now under construction a 50 
Mw(e) boiling-water power plant. The 
technicians associated with the boiling- 


was expressed concerning 


water reactor seem to have a good 
grasp of the problems involved and are 
constructing the boiling-water power 
plant in such a way that a fairly large 
range of variables can be explored. 
Therefore, it is an experimental type of 
machine, but is a large experiment As 
a variable, it was noted that the pres- 
sure vessel is designed for 2,000 psi. 
This is double the pressure of any exist- 
ing USA 
gives an 


boiling-water reactor and 


opportunity for exploring 
parameters over a large pressure range. 
® Another example of the rapid devel- 
opment of technology is the fact that 
in 1955 the USSR quite obviously did 
not have zirconium or zirconium alloy 
of a kind suitable for reactor construc- 
tion. At this year’s conference, they 
exhibited a fuel element that used zirco- 
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nium as structural material. Two re- 
actors shown, namely the boiling-water 
reactor and the pressurized-water reac- 
tor, will have zirconium-alloy fuel ele- 
ments. Also, in metallurgical papers 
new zirconium alloys were revealed and 
their properties discussed ; some of these 
alloys quite possibly have properties 
superior to the alloys so far developed 
in this country. That the USSR has 
been able to develop zirconium tech- 
nology in itself is not impressive, since 
the USA has continuously furnished, in 
the open literature, detailed informa- 
tion about the materials and, to some 
extent, the methods of preparation. 
What is impressive is the fact that in 
three years the appropriate technology 
has been established. 


Broad Program 


The second over-all comment I could 
make on the USSR program is that it is 
as comprehensive as that of the USA 
(see figure). Practically all of the prin- 
cipal types of reactors under exploration 
in the USA also are being explored by 
the USSR. It seems to be a matter of 
definite policy to explore all possible 
avenues for power reactors and to fol- 


Pressurized, Boiling- Fast - 
H,0/0,0 water breeder 


33 3 


: 


Power Producing Capacity 
Scheduled for Construction [Mw(e)] 
S 
=) 


2 8 


now 


Reactor 
type: 





Reactor 
experiments ? 


low promising avenues to at least the 
stage of an experimental nuclear power 
this plant would quite likely 
Where 
there is less doubt about the technical 


plant 
have a size of about 50 Mw(e). 


feasibility, it also seems to be a matter 
of policy to follow up the large-scale 
experiment with a major power station 
having a rating of from 250 to 600 
Mw(e). 
been made at the present time as to 


Apparently no decision has 


the type of power plant thought to have 
the best chance of ultimately being the 
best. As in the United States, a 
variety of thermal! neutron reactors are 
being constructed. All of these have 
the common difficulty that they can 
make use of only a small fraction of the 
uranium; therefore the USSR is also 
exploring reactors in which breeding 
might be possible. The principal effort 
in this direction seems to be the fast 
reactor. Here, also, rapid scale-up is 
in evidence. Three years ago, appar- 
ently, the USSR had operated only 
zero power or critical assembly types 
of fast 
operation a 5,000 kw(th) fast reactor 


reactors. They now have in 


whose design in some ways resembles 
the one placed in operation in the USA 


* 
= | i ol i< 


Sodium- Organic- Fluid- 


cooled cooled fuel cooled 


wn 
° [=] * 
r= i 


oo. oo 
> Ss > 


TOTAL KWle) capacity of various power reactor types now scheduled for construction 
shows USSR program is larger in size than US program and has equivalent diversity 
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Gas- Intermediate- 
spectrum 


TEMPERATURE PROBES 
PRESSURE TRANSDUCERS 
PITOT-STATIC TUBES 


Here at REC we 
specialize in total 
temperature probes, 
pressure transducers and 
pitot-static tubes—with 
indefatigable emphasis on 
precision. The already wide 
and ever-increasing variety 
of REC units serving indus- 
try and military can help 
Tell us about your 
project. We welcome 
your inquiry for infor- 
mation on any problem 
in this exacting field. 


NEW CATALOG 


No. 115811 Illustrated 

** compilation of data on over 
50 different REC probes 
ranging from -260° C. to 

1500° C. plus REC 

pressure transducers and 
pitot-static tubes. 


you. 


—— 


NO. 
102D 

measures © 
TOTAL 
TEMPERATURE 
ACCURATELY 
WHILE DEICING 
HEATER OPERATES 


ROSEMOUNT 
ENGINEERING 
COMPANY 


4902 West 78th St. 
Minneapolis 24, Minn. 


™ 


TRADE-MARK 


SCINTILLATION 
PHOSPHORS 


“POPOP” (Scintillation Grade) 

M.P. 245-246° C 

Fluorescence Max. 4200A 
2,5-DIPHENYLOXAZOLE 
(Scintillation Grade) 

M.P. 70-72° C 

Fluorescence Max. 3800A 
ALPHANAPHTHYLPHENYLOXAZOLE 
(Scintillation Grade) 

M.P, 104-—106° C 

Fluorescence Max. 4050A 
p-TERPHENYL (Scintillation Grade) 

M.P. 211-212° C 

Fluorescence Max. 3460A 
1,1,4,4-TETRAPHENYLBUTADIENE 
(Scintillation Grade) 

M.P. 203-205° C 

Fluorescence Max. 4320A 
PHENYLBIPHENYLYLOXADIAZOLE 
(Scintillation Grade) 

M.P. 167-169° C 

Fluorescence Max. 3700A 
CADMIUM PROPIONATE, Anhydrous 

M.P. 182-185°C 

Solubility: 12g per 100 ml. of 1:9 metha- 

nol-toluene 
Available 
Dept. ‘‘K"’ 
products. 


from stock . .. write’ to 
for free booklet on these 
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in 1951 (EBR-I) but uses plutonium as 
fuel. Plans are being made by the 
USSR to build a 50 Mw(e) and a 250 
Mw(e) fast power reactor. The former 


| is somewhat smaller and the latter 


larger than the Enrico Fermi Nuclear 
Power Plant [100 Mw/(e)] under devel- 
opment by the Power Reactor Develop- 
ment Company. The point, here 
again, is not that their fast reactor 
technology has caught up to or ex- 
ceeded that of the United States, but 
rather that in a few years they have 
arrived at the stage of quite ambitious 
and large-scale projects. 


Area of Difference 


The area in which the USSR program 


differs most from that of the US is in 
the exploitation of the graphite-moder- 
ated, pressure-tube type of reactor. 
Two this 
brought to our attention during the 
Geneva Conference. an im- 
provement and an extrapolation of the 
first power station which has been in 
operation at Obninsk since 1954. The 
second was the so-called Siberian Reac- 


versions of 


One is 


tor, which came as a surprise announce- 
ment at the conference. 

The graphite-moderated, stainless- 
steel-clad-fuel-element reactor is being 
The 
power station has a rating of about 400 
Mw(e) Two 
points with respect to this type of reac- 


used in a large-size power station. 


using four reactors. 


| tor are of real significance: First, the 


reactors produce steam that is super- 
heated in the reactor, and second, the 
reactor system has been engineered to 


| operate on a surprisingly low enrich- 


ment, namely about 1.3%. The super- 
heating reactor boils water in some 
tubes, generates steam in a heat ex- 
changer with the steam-water mixture, 
and superheats the secondary steam in 
other tubes in the reactor. The super- 
heated steam is then sent directly to 
the turbine. In this steam 
directly from the reactor to the turbine, 
the Russian reactor takes advantage of 
what was developed in connection with 
the USA boiling water reactors. The 
reason that the USSR can go from a 
small 5,000 kw plant in one step to ¢ 


use of 


large reactor is that the pressure-tube 
type of construction permits testing 
a single pressure tube in the prototype 
reactor. Once this test has been car- 
ried out successfully, the large-scale 
reactor does not introduce enormously 
different problems. It is clear that the 
first reactor at Obninsk has been used 
for a vigorous program of testing of 
such channels. These tests were fully 





reactor were | 


This teaching tool 
adds realism to 


NUCLEAR 
ENGINEERING 
COURSES 


To help train nuclear engineers, 
Leeds and Northrup is building 
simulators which electronically 
recreate the behavior of actual 
reactors. Universities and engi- 
neering schools are finding that 
these compact devices enable stu- 
dents to gain first-hand under- 
standing of reactor operation, 
safely and economically. Kinetics 
of various reactor types are re- 
produced in each simulator by 
convenient adjustment of such 
vital reactor parameters as: 
a safety and control rod worth 
a mean neutron lifetimes 
= primary source intensity 
a fractions of delayed neutrons 
A student manual describing 
many instructive experiments 
adds to the value of this practi- 
cal teaching tool. 
Reactor Simulator Data Sheet 
E-03(2) gives details. Write L&N, 
4936 Stenton Ave., Phila. 44, Pa. 


LEEDS iN NORTHRUP 


Avtomatic Controls « Furneces 
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Essential 


for 


Progress 


in the 


Field ... 


DICTIONARY OF 
NUCLEAR SCIENCE 
AND TECHNOLOGY 

in Six Languages 


compiled by W. E. Clason 
Head, Translation Department 
N. Philips Electrical Works 


This unique key to world communi- 
cation will prove invaluable in this 
rapidly expanding field. More than 
4000 important and useful defini- 
tions are listed in this handy and 
accurate reference. Essential terms 
from the closely related fields of 
physics, nuclear chemistry, isotopy, 
metallurgy, biology, etc. are in- 
cluded. Special attention is given to 
radiation. 

Terms are alphabetically arranged in 
English with corresponding terms in 
French, Spanish, Italian, Dutch, 
German, appearing horizontally across 
the facing page. Each language has 
an alphabetical list, in the back of 
the dictionary, giving keys to the 
basic English list. Painstaking typog- 
raphy and page layout make swift 
use possible. 


914 pp. $25.00 








D. VAN NOSTRAND 


COMPANY, INC. 


Dept. CL-N, 120 Alexander St. 
Princeton, N.J. 

Send me for ten days FREE examination 
the DICTIONARY OF NUCLEAR SCI- 
ENCE AND TECHNOLOGY (Clason 
Within 10 days I will remit purchase 
price of $25.00 plus small delivery cost, 
or return book and owe nothing. Avail- 
able on easy terms if desired. 


Pace ceentkcoveves : 
Pa ives cr ckee 
i ar 


.Zone State 


Save! Remit with order and we pay all 
shipping costs. Same return and refund 
guarantee, of course 
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NUCLEAR ENGINEERING 


This article starts on page 104 


reported upon and indicate that the 
nuclear superheat idea works well. It 
yields steam comparable to what is 
used in modern steam plants, namely 
steam, at the turbine inlet, of tempera- 
ture of 930° F and pressure of 1,320 
A comparable step has not so 
USA 
water reactors, although proposals to 
do so have been placed before the AEC. 

The Siberian Reactor also is graph- 
ite-moderated. The tubes, 
however, are not made of stainless steel 
but of an aluminum-silicon alloy. The 
natural uranium in metallic 
form. The temperature of the water 
issuing from the channels in the reactor 


psia 


far been accomplished in the 


pressure 


fuel is 


is limited by corrosion of the aluminum- 
silicon alloy which is used both for the 
jackets of the elements and for the 
pressure-containing tube. The reactor 
is relatively large, having a probable 
thermal output of approximately 700 
Mw, if it can be assumed that the 100 
Mw electrical output is representative 
of all of the heat produced by the reac- 
tor. The design of the reactor is simi- 
lar to what is the customary Russian 
design. The fuel enter the 
graphite matrix vertically. 
an additional novel feature in that the 


tubes 
There is 


reactor is suspended over the fuel stor- 
age cooling pond; discharge of the fuel, 
therefore, can be directly into the pond. 
The steam conditions obtained from 
this reactor are very modest (365° F at 
~163 psi) and require turbines very 
large in physical size. Even so, it 
takes three turbines for the generation 
of 100 Mw. It is doubtful that this 
reactor has much interest as a power 
machine alone. As a plutonium pro- 
ducer with some 
may well be attractive if it is located 


power recovery, it 


in an area where the power has excep- 
tional value. It would be a good guess 
that this exceptional value has to do 
with other atomic energy activities. 
The technology of building pressure 
vessels seems to be quite advanced in 
the USSR. 
considerable thicknesses can be fabri- 
cated; for instance, the Soviet-designed 
Czech 150 Mw(e)D.O-moderated, gas- 
cooled reactor operates at a pressure 


Apparently large sizes and 


of ~900 psi and uses a pressure vessel 
having a diameter of 14 feet and wall 
thickness of about 5.5 inches. 
moving picture, the USSR showed that 
it was fabricating pressure-vessel heads 
by a die-forming operation using a 
This is an ad- 


In a 


large hydraulic press. 
vanced technique and may have cer- 
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ASSURE SAFETY 
LONG LIFE 


For industrial, electronic and armed forces appli- 
cations, STONITE coils are designed and engi- 
neered to strictest specifications. 


Here is outstanding manufacturing versatility, 
covering this wide range of STONITE custom-made 
Cols 

PAPER SECTION * FORM WOUND * LAYER BOBBIN 

PRECISION WINDING * HIGH TEMPERATURE COILS 

COPPER AND ALUMINUM CONDUCTORS 
Round—Square—Rectangular 
Also Round, Square, Rectangular tubing 


SPECIFY 
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BOUNDLESS EXPERIENCE, QUALITY CONTROL 
WIDEST SIZE RANGE. ANY QUANTITY 
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FINEST MATERIALS, WINDING SERVICES, AD 
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ment and request a sales en- 
gineer call. Also ask for the 
illustrated STONITE story. 
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tain advantages for quickly and| 
cheaply making pressure vessels. 

The scientists of the USSR stated 
explicitly that no decision had been 
as to what kind of reactor is | 
likely to produce nuclear power at the | 
least cost. In answer to a question as | 
to what they would guess might be the | 


made 


| 


at some date in the future, | 
there seemed to be some opinion that | 
the graphite-moderated, superheating 
reactor had a good chance of being the 
best. Naturally, it would be surpris- 
ing if all the Russian technologists 
agreed with this point of view, and it | 
also should be realized that that reactor 
is more completely Russian than any 
other. The next two to three years, if 
the USSR construction program actu- 
ally follows the schedule given, should 
produce large-scale experience with all 
of the 
cepts, 


best one 


important power reactor con- | 
with perhaps the exception of 
the organic-moderated and the homo- 
geneous reactors. Although the USSR 
is doing work on these two lines and a 
35 Mw(th) boiling homogeneous re- 
actor is under construction, they ap- 
parently have not yet established large- 
scale power reactors of these types as 
part of the program. 


Scanning the Literature 


Source strength data for shielding 
and stack effluent calculations. 
Curves and methods are presented for 
determining gross-fission-product 
gamma and beta decay, de- 
layed-neutron decay, and N'* and N!7 
The data cover infinite irradi- 
ation and 1 sec to several days decay. 
(1DO-16453; $0.75*) 


energy 


decay. 


Calculation of radial temperature 
distribution in cylindrical fuel speci- 
mens during neutron irradiation. A 
brief description and comparison of the 
methods most frequently used. (ANL- 


5873; $0.75*) 


Reactor material specifications. A 
compilation of 32 welding, inspection 
and material specifications for a high- 
temperature, highly stressed experi- 
mental nuclear reactor. (TID-7017; 
$4.00*) 


Steady-state heat-transfer burnout. 
A tabulation of all available burnout 
heat-flux data for water under forced- 
circulation conditions and at pressures 
500 psia. It is concluded that 
existing burnout heat-flux correlations 
not provide a completely satis- 
factory fit of the available data over the 
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do 


for radiation 
measurements 


The name Ekco Electronics, Ltd. signifies more than world-wide repre- 
sentation and acceptance on six continents. Whether it be instruments 
for precise radiation measurements, unique laboratory research, reactor 
monitoring, public health and plant safety, or industrial gaging through 
isotopes, Ekco Electronics, Ltd. on the nameplate of an instrument 
represents the acme of excellence in design, performance, dependability 
and long-lasting value. An impressive list of companies and institutions 
throughout the world use Ekco equipment. 





Instruments shown above are & small part of the complete range of 
instruments, accessories, and systems described in the EKCO catalogs. 
We cordially solicit your inquiry. 








. Ratemeter N522 
. Radiation Monitor N571 
. Linear Amplifier N568 


. Vibrating Reed Electrometer 
N572; Tritium Air Monitor 


. High-Resistance Measuring 
Set N535 


. Scintillation Counter 
N550A; N612 for Cy. and 
Tritium 

. Automatic Scaler N530 

. Scintillation Counter N559 

. Scaler N529 

. Slow Neutron Monitor N578 
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¢ and make a variety of other precise measurements 


Besides being the most accurate, convenient and inexpensive 
instrument for determining C1* and H3, the CARY Model 31 may 
be used to perform a variety of other tasks in the laboratory. 


e A sensitive detector for beta and gamma 
radiation. May often serve as a substitute 
for geiger or proportional counters. 


FOR EXAMPLE, 
The 31 may be used as: 


A spectrometer for measuring alpha energy 
in the presence of substantial beta and 
gamma emissions. 


A monitor for gamma background, surface 
alpha contamination, or air contamination. 


A DC amplifier for semi-conductor studies, 
pH measurement (detects changes to .0005 
pH), insulation leakage measurements, 
determination of grid currents on vacuum 
tubes and many other measurements of 
electrical properties. 


So, if you are considering instrumentation 
to perform these tasks, investigate 

the CarY Model 31. Its versatility, 
reliability, speed and compactness will save 
time, money and bench space. 


FOR COMPLETE INFORMATION 
PHONE OR WRITE FOR DATA FILE K11-39 
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Keep your sales, management and 
distribution people informed 

on your advertising. Circulate 
preprints, reprints, schedules 

and other material in these 
folders, and make your advertising 
dollars work over and over for you. 


Write for illustrated folder and price list 


Promotion Dept. . . . Room 2700 
McGraw-Hill Publishing Co., Inc 
330 West 42nd Street, New York 36, N.Y. 


APPLIED PHYSICS CORPORATION: 272+ Sout Peck nono 
108 


MONROVIA, CALIFORNIA 


March, 1959 - NUCLEONICS 





NUCLEAR ENGINEERING 


Department starts on page 104 


entire range of variables. A new cor- 
relation, applicable to pressures near 
2,000 psia, is presented. (WAPD-188; 


$3.00* 


Tables of reactivity vs. period for 
U2*5, Pu?8® and U23%, These tables are 
based on new (1957) delayed-neutron 
data published by Keepin, et al. 
(IDO-16485; $2.00*) See also NU, 


Oct. ’58. 86. 


Physical properties of reactor ma- 
terials. Thermal conductivity, heat 
capacity, density, dynamic viscosity 
and Prandtl number are given: as 
functions of temperature for various 
solids, liquids and gases of interest in 
reactor heat-transfer and fluid-flow 
analysis. (ANL-5914; $4.00*) 


Reactor containment. Anannotated 
bibliography of 279 references con- 
cerned with structural and mechanical 
aspects of reactor containment. 

ARF-D132K03; $2.25*) 


Reactor Fuel Technology. Papers 
and discussions on enriched and natural 
core systems, U?**-Pu and U***-Th 
blanket systems, oxide fuel elements, 
metal and alloy fuel elements, fuel 
cladding and diluents. ($5.00 from 
Atomic Industrial Forum, 3 E. 54th 
St., New York 22, N. Y.) 


Thermal stresses. A  two-dimen- 
sional IBM-704 code for the calcula- 
tion of thermal stresses in a long, hollow 
cylinder with internal heat generation. 

WAPD-TM-133; $0.75*) 


Na and NaK analysis. Safety pre- 
cautions, sampling procedures and 
methods of analysis (chemical and 
spectroscopic) used at Capenhurst. 

IGO-AM/CA-110; from British In- 
formation Services, 45 Rockefeller 
Plaza, New York, N. Y.) 


Neutron cross sections. This sum- 
mary report presents final results and 
partial discussion of methods used in a 
series of analyses determining elastic 
and inelastic neutron-scattering cross 
sections and energy distributions. 
CW R-4040; from Curtiss-Wright 


Corp., Quehanna, Pa.) 


In-pile-experiment hazard reports. 
Guide concerned with material that 
should be included in experiment- 
hazard analysis. (IDO-16466; $1.25*) 


* Available from Office of Technical Serv- 


ices, U. 8S. Department of Commerce, Wash- | 


7 


ington 25, D. C. 
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EXPERIENCE 
and INGENUITY 


MAKE THE 
DIFFERENCE 


In the relatively new and uncharted nu- 
clear field, perhaps more than in most 
industries, problems have more than 
one solution. Achieving the one that 
best answers your needs requires 
Broad General Engineering Experience 
to insure full understanding of both 
the problem and its related circum- 
stances; and Ingenuity in devising new 
methods, systems and equipment. Our 
design staff, approaches every problem 
with an understanding born of prac- 
tical knowledge. 


These are the things that “make the 
difference” in costs, elapsed time and 
precise, practical solutions. That’s why 
Associated Nucleonics can contribute 
best to your problems in nuclear de- 
sign, theory, research and testing. 


For a test reaction—write or phone 


ASSOCIATED NUCLEONICS, Inc 


975 STEWART AVENUE, GARDEN CITY, N. Y. 


A Subsidiary of Stone & Webster Engineering Corporation 


Our association with Stone & Webster En- 
gineering Corporation provides the finest 
engineering capabilities and construction 
supervision anywhere! 





D.O Reactor Debate 


A little over a year ago American-Standard issued a report “ An Evaluation of 


Heavy Water Reactors for Power”’ (1 
as part of the “Project Size-U p” series 


that summarized a study done for the AEC 


The net conclusion was that D.O reactors 


built with today’s technology would give about the same power costs as light-water 


reactors 


namely around 11 mills/kwh 


W. B. 


Lewis, who firmly believes that 


D.O reactors have a marked economic advantage with respect to light-water concepts, * 
took issue with American Standard’s findings in an official Atomic Energy of 


Canada Limited report (2 
Newkirk, one of the authors 


of the original American-Standard report. 


Lewis's remarks brought forth a rebuttal from W. H. 


Lewis then 


provided a rebuttal of the rebuttal to round out the debate, excerpts of which are pre- 


sented here. 


Project Size-Up Comments on D.O Reactors 


The objective was to evaluate heavy- 
Par- 


ticular attention was paid to the rela- 


water power-producing reactors. 


tive merits of using natural or enriched 
uranium and to the problems of pres- 
sure-vessel and equipment design. 
Reference designs for pressurized and 
direct-boiling heavy-water reactors 
were prepared for outputs of 20, 100 
and 250 Mw(e). Today’s technology 
and costs were employed in the prepa- 
ration of the over-all plant designs. 
Zirconium-clad metallic-uranium fuel 
elements were used as the 
this study, but the effect of using 


uranium oxide and stainless-steel clad- 


basis for 


ding was also considered. 

The principal results were 

Over a wide range of operating 
conditions and economic situations, en- 
riched uranium (up to perhaps 1.4% 
U*%5) is presently more economic than 
for heavy-water re- 
this is 


natural uranium 
actors. The chief reason for 
that the longer exposure time, smaller 
lattice spacing, and lower critical mass 
obtained with enriched uranium per- 
mit fuel-cycle cost and 
capital charges that more than com- 
pensate for the higher fuel cost. 

®In the longer range, the use of 
natural uranium 
economic as zirconium-fabrication costs 


savings in 


may become more 
decrease, continuous charge-discharge 
devices are developed to permit longer 
exposure levels, and pressure-vessel 
technology advances to the point where 
‘he large critical masses and core diam- 
eters required for natural uranium are 
(The 


not such an economic penalty. 


* Lewis has published studies (3, 4) that 
estimate the power cost for D.O reactors at 
less than 8 mills/kwh and at more than 
11 mills/kwh for H:2O reactors. 


110 


results of the Project Size-Up study 
agree quite well with the data and 
discussions of the Canadians in this 
respect.) 

* Both the relatively high capital 
cost and the additional charges for 
heavy-water inventory and losses make 
the economics of the heavy-water re- 
actor more sensitive to size than that of 
other types. A comprehensive analy- 
sis of the equipment requirements indi- 
cated that neither the pressure vessel 
nor the leakage restrictions present 
insurmountable problems. The 
mated costs shown in Table 1 include 


est i- 


a moderate amount of optimism that 
present nuclear fabricating costs will 
improve somewhat. 

For 100 Mw/(e) 
costs are in the same range as slightly 


and above, these 


enriched light-water reactors. The 
small heavy-water reactor [20 Mw/(e)] 
has relatively high power costs, how- 
with possible light- 


ever, compared 


water designs. 
W. B. Lewis Comments 
on Project Size-Up 

i « oe ‘ground rules’ of Project 
Size-Up seem to bear no relation to any 
S. A. or 


They are restricted to cur- 


real power situation in the U. 
Canada. 
rent prices for everything including 
The latter re- 
striction swamps the very real prospec- 
fuel for the 


light- and heavy-water reactors. For 


fabricated zirconium. 


tive differences in costs 
economic nuclear power some develop- 
ment must take place, and it is mis- 
leading to optimize at current prices 
rather than after seeking out the soft 
spots where development in the shortest 
time may break through to competitive 
costs. 

The Canadian proposals recognize 
three such soft spots in the Project 
Size-Up evaluation: 

® Fuel 


high due to the undeveloped technology 


fabrication costs—now very 
and production of Zircaloy. 

® The pressure shell—which becomes 
relatively expensive for the larger re- 
actors compared with the pressure- 
tube design. 

® ‘One-batch loading’ of fuel. This 
is assumed for the reference design in 
the ASAE summary (see above) and 
leads to a minimum fuel cycle cost of 
evaluations 


milis/kwh, whereas 


elsewhere in the same report show for 


2.26 


natural uranium (with continuous 





TABLE 1—Heavy-Water-Reactor Costs 


20 


Boiling 


Reactor type— Pressurized 
Capital cost 
$/kw(e)] 540 
Power cost (mills/kwh) 
Capital charge 
{ 15% ) 
Fuel-cycle cost 
D.O losses 
D.O inventory 
(12%) 
Operating and 
maintenance 


Total 


Boiling 


Reactor Power [| Mw(e )} 


100 250 


Boiling Pressurized 


Pressurized 
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charge and discharge) a corresponding 
fuel-cycle cost as low as 1.04 mills/kwh. 
It is not clear why continuous refueling 
had to be ruled out, but it may have 
been because one of the limitations of 
the study was to uranium metal and 
not oxide, and with metal the high 
burnup is unlikely to be achieved. For 
oxide the burnup limitation is removed 
and the cost should be significantly 
less than 2.26 mills/kwh though, on the 
‘ground rules’ of Project Size-Up, not 
as low as 1.04 mills/kwh. 

. The charge made for D.O in- 
ventory may also be questioned: on the 
one hand D.O may be leased from the 
A.E.C. at 4% per year or, on the 
other hand, charged at 12% per year. 
The less favorable 12% figure is used 
in Project Size-Up in comparing D.O 
On the 
other hand when assessing fuel costs 
full advantage is taken of the favorable 
rates of the U. 8. A.E.C. for 
enriched fuel. 

“Tt therefore appears that the evalu- 


U.S 


with light-water reactors. 


leasing 


ation does not relate to any real situa- 
tion, but is based on ‘ground rules’ 
that the outcome in favor of 
enriched-uranium light-water reactors. 


weight 


The Canadian proposals are based on a 
real situation existing in Ontario both 
in matters of finance and the compe- 
tition In other situations 
the results may differ but, except in 
the case of small uneconomic reactors, 
I would maintain that in every situ- 
ation I am aware of the heavy-water 


with coal. 


reactor should prove cheaper by 1968. 
For some reactors that could be built 
immediately the total operating costs 
lower than for any 
H,O reactor even before 1968. . . .” 


would become 


W. H. Newkirk 
Answers W. B. Lewis 


. . . Dr. Lewis correctly points out | 


that the reactor designs referred to in 
the Project Size-Up summary are of 
the pressure-vessel rather than the 
pressure-tube type. However, since 
the pressure-vessel cost is about 7% of 
the total plant cost, and since the cost 
of continuous charge-discharge equip- 
ment is not included, the two omissions 
are assumed to be compensating and 
the total variation small. 

With reference to fuel-fabrication 
charges, I should like to present 
(Table 2) the cost of zirconium fuel 
elements as they have been during the 
past vear and to show the wide vari- 
ations in cost that attend variations 
in fuel-element configuration. This 
wide range of costs emphasizes the 
difficulty of constructing arguments 
that deal with fuel-cycle costs in a 
general way without specifying a pre- 
cise configuration. The fuel cost in- 
formation was developed by American 
Standard (ASAE) through a survey of 
present U.S. manufacturing experience. 

As pointed out in the Project Size-Up 
report, ‘The fabrication cost and the 
total cost estimates correlate reason- 
ably well with the percent of zirconium 
in the elements. If the total direct 
cost (per pound of contained uranium) 
of each element is divided by the per- 
cent zirconium, a fairly constant ratio, 
2.8 + 0.5 is obtained. The ratio of 
fabrication cost (per pound of con- 
tained uranium) to percent zirconium 
is 1.6 + 0.6 for all elements. These 
ratios point out the fact that fabrica- 
tion costs and total costs are strongly 





TABLE 2—Cost of Zr-Clad Fuel Elements 





Uranium alloy plate 
elements 


ANL* 


Uranium oxide 
elements 


Modified 
ANLT 


concept concept EBWR Dresden PWRt Hanford 


Zirconium base price 


80 


($/Ib) 
Fraction recovered 
% Zirconium (by weight) in 

fuel element 15 
Zirconium cost ($/lb U) 14 
Niobium cost ($ lb U) l 
Fabrication cost ($/lb U) 19 
Total direct cost ($/lb U) 34 


80 80 80 120 80 


14 26 50 

13 29 120 

1.5 0 0 

14 18.5 40 50 
26 33 70 170 


* As described by Iskenderian et al. 1955 Geneva Conference, Vol. 
A version of the ANL element with less surface area. 


+ 
t Blanket element. 
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CUTIE Pie / 


T/A Model CP-3 
offers important 
new features! 


Alpha-sensitive. 

Built-in alpha and beta 
absorption filters. 

New battery pack provides 
over 800 hrs. operating life. 
Entire battery complement 
can be checked before use. 





Alpha and/or 
beta radiations 
are easily 
rejected by 
swinging the 
proper absorber 
into place. 


RANGE SELECTOR SWITCH 
includes 3 test positions 
for checking ali batteries 
prior to use 


CP-3 is 
equipped with 
tripod feet 
for table 

or floor 
monitoring. 


T/A Model CP-3 Cutie Pie measures 


and distinguishes between alpha, 
beta, and gamma radiation, and is 
designed for laboratory, reactor, 
and industrial use. This portable in- 
strument features three full-scale 
ranges of 50, 500, and 5000 mr hr, 
and is especially useful in health 
physics work 


Write for Bulletin No. 165 
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SCIENTISTS 


are 


people. .. 


Y 


. .. and scientists and their families en- 
joy the combination of creative work and 
stimulating living that Los Alamos offers. 
There is exciting adventure here in de- 
veloping the sources and uses of nu- 
clear energy in the age of space explora- 
tion. Here too is an uncrowded com- 
munity, a healthful climate, cool sum- 
mers and mild winters, in a high moun- 
tain forest setting of spectacular beauty. 

Employment: inquiries are invited 
from highly qualified people in the phys- 
ical sciences and engineering. Write to: 


Director of Personnel 
Division 59-27 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 


id 


NUCLEAR ENGINEERING 


This article starts on page 110 


dependent on the amount of zirconium 
handled.” 

One of the original fuel elements used 
in a Canadian design study consisted 
of pellets of UO. contained in a Zircaloy 
sheath 0.030 in. thick. Nineteen of 
these elements were contained in a 
0.040-in.-thick Zircaloy tube with D.O 
coolant flowing in the spaces between 
the elements. A 0.5-in. helium in- 
sulating gap separated the coolant tube 
from a 0.025-in.-thick aluminum tube. 
The radius of the element was 0.647 em, 
and, with an average flux of 125,000 
Btu/ft?/hr, the power per lineal foot of 
assembly was 0.094 Mw or 13.98 
Mw/tonne. This element has 20.8% 
zirconium by weight. 

Using the above prescription, a fabri- 
cation cost of $128/kg of uranium is 
estimated. Since the Canadian design 
study (3) is said to have a specific 
power of 10 Mw/tonne, this is taken 
to indicate a decreased surface area 
per kilogram of uranium (an assump- 
tion favoring lower fabrication costs) 
and a proportional reduction in the 
percentage of zirconium. Applying 
this correction, which reduces the zir- 
conium content by 29%, a cost of 
$91.5/kg U is obtained. The Dresden 
fabrication cost, presented in preceding 
paragraphs, is $154/kg U; the fabrica- 
tion cost suggested in the Euratom 
study (4) is $115/kg. 

Assuming the ratio of these numbers 
to be a cost improvement factor ex- 
pected by the Euratom authors, the 
figure of $91.5/kg is reduced propor- 
tionally to $68.3/kg. This is the 
figure employed in my fabrication cost 
estimates and is somewhat higher than 
the Canadian estimate of $40/kg. .. . 

—Watuiace H. NEWKIRK 
Palo Alto, California 


W. B. Lewis 
Replies to W. H. Newkirk 


. I disagree with Mr. Newkirk 
that my fuel-fabrication cost is too low. 
In fact, I expect before any reactor is 
built to see a reduction to less than the 
estimates I gave. I will follow Mr. 
Newkirk and attempt to derive correct 
relative estimates for Dresden and the 
D.O reactor fuels. Using the same 
factors of safety, the ratio of zirconium 
to uranium in a fuel is directly propor- 
tional to the peak power rating (ther- 
mal kw/kg U) of the fuel. In all 
published light-water-reactor designs, 
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because of steep local neutron-flux vari- 
ations the ratio of peak-to-average 
power rating in the fuel is about 5:1; 
in a large heavy-water reactor the 
comparable figure is about 2.6:1. Ap- 


plying these figures to Dresden and the | 
Canadian D.O reactor we find for the | 
peak fuel power ratings for Dresden | 
5 X 627/54.5 = 57 kw/kg U and for'| 
the D.O design 2.6 X 800/80 = 26 | 


kw/kg U. Accepting Mr. Newkirk’s 
finding that the total fabrication cost, 


kg U is proportional to the percent zir- | 


conium and using the Euratom fuel- 
fabrication cost of $115/kg U for the 
Dresden fuel, this leads to 26 & 115/57 

$52.4/ke U for the D.O reactor to be 
compared with Mr. Newkirk’s $68.3/kg 
U and the Canadian figure of $40/kg U. 

Since no details have been published 
concerning the method of fabricating 
the Dresden fuel, the difference be- 
tween $52.4/kg'U and $40/kg U can- 
not be pursued further. Probably 
factors operating in both directions 
have been omitted, and in any case the 
Canadian figure is a genuine estimate 
of fabrication costs that should not be 
significantly different in the United 
States. The Canadian fuel design re- 
ferred to by Mr. Newkirk has no rela- 
tion to this esiimate. It was a design 
considered for a quite different reactor 
in 1954 before we had much experience 
with UO, fuel. 

Moreover I still claim that the pres- 
sure-tube reactor, including the fueling 
machine, can be built for less than the 
pressure shell reactor in this large size. 

The substance of my comment on 
Project Size-Up was that it did not 
relate to comparisons for low-cost 
power in real situations. The lower 
the cost set by competitive sources, 
the more advantageous is the lower 
fueling cost of the heavy-water reactor. 
Where extra coal is available more 
cheaply than in Europe, competition 
by light-water reactors appears still 
out of reach. On the other hand, 
D.O reactors that are large enough may 
soon be able to compete with coal-fired 
plants in over-all generating costs. 

W. B. Lewis 
Chalk River, Ontario 
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True economy begins with reliability 
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These are the Ranges of the BRAND NEW 
Mercury Relay PRECISION SLIDING PUL- 
SER, model 413, for calibration and 
test of pulse-height analyzers and other nu- 
clear instrumentation. Write to us for com 
plete specs. 


precise 
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The Model 413 has manual and motor drive 
Its fast rise and exponential decay simulate 
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related to nuclear then the 
related to capital plant 
ment. Because of the nature of 
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HEAT-BALANCE FLOWMETER consists of flattened pipe section (center), two heating 
elements (top and bottom) and two thermocouple wells (extreme left and right) 


Heat-Balance Flowmeter 
For Molten Bismuth 


By DONALD W. HUSZAGH 


Brookhaven National Laboratory, Upton, 


The need for reliable flow informa- 
tion in test loops circulating molten 
bismuth at 1,000° F, has led us to test 
several different types of flowmeters. 
Each of the types that work well with 
common fluids exhibit serious short- 
comings when used with molten bis- 
muth. The ailments of common flow- 
meters include fragility and suscepti- 
bility to damage from erosion, corrosion 
or heat. In addition, electromagnetic- 
type flowmeters tend to trap out iron 
that has been dissolved in the bismuth. 

To provide a means of measuring 
molten-bismuth flow that is at 


reliable and rugged we resurrected the 


least 


old heat-balance flowmeter and modern- 
This flowmeter 


has the following advantages: 


ized it to suit our use. 


* The primary element is simple, ex- 
ceptionally rugged, and applicable to 
almost any known liquid at tempera- 
tures up to about 1,300° F. 

® Very high accuracies are obtainable, 
depending largely on the quality of the 
readout instruments. 

* The pressure drop through the pri- 
the 
through a corresponding length of sys- 
tem piping. 


mary element can be same as 


The disadvantages are as follows: 
® Power requirement is very high, lead- 


Neu York 


ing to intermittent use much like a 
sampler 


e Speed ol response is slow, by instru- 
ment standards, but adequate for slow 
changes. 

® Cost of the primary element is mod- 
but 


ments are required. 


erate, expensive readout instru- 

Our flowmeter was designed for serv- 
ice in a !9-in. piping system in which 
the maximum flow rate would not ex- 
ceed 10 fps. 


a flattened pipe section; two 


The primary element con- 
sists ol 
2,000-watt, 
heating elements and two thermocouple 


immersion-type, electric 
The readout devices are a pre- 
watt 
corder that has zero at the center of the 


wells. 
cision meter and a millivolt re- 
scale and a range of 25 mv. 

All parts of the primary element that 
are in contact with molten bismuth are 
constructed of 244 Cr-1 Mo steel, which 
possesses exceptional corrosion resist- 
The flattened pipe 
section is welded into the piping sys- 


ance to bismuth. 
tem. The entire primary element, as 
well as the adjoining piping, is ther- 
mally insulated so that heat losses to 
the atmosphere are slight and have 
small effect on the accuracy of the heat 
balance. 

In operation, power is applied to the 
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heaters, the amount noted, and the| 
steady-state temperature differential | 
between leading and trailing thermo- | ~ 
couples observed on the recorder. This / 
temperature differential is most easily | 
read when each of the thermocouples is | el 4 
alternately bucked against a reference | 
thermocouple (located just upstream | 
from the leading thermocouple). The | 
result is a well defined saw-tooth trace 
on the recorder, on which the) 
tooth height represents temperature | 
difference. 
At flow rates up to 10 gpm, usable 
temperature differentials are obtained 
about one minute after application of 
power, though several minutes are re- 
quired to reach steady-state. Using 
these ‘“‘one-minute”’ temperature dif- 
ferentials, heat balance with accuracies 
of 90% or better can be made consist- 
ently. Higher accuracies are obtain- 
able using the steady-state tempera- 
tures achieved after several minutes. 
From actual experiment at 10 gpm, 
it was found that the heater sheath 
temperature rose to 8° F above fluid 
exit temperature at 2,000 watts. This 
low temperature rise allayed all fears 
of heater burnout. 


x * * 


This work was performed under AEC con- 
tract A T-30-2-Gen-16. 
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Low-Energy Accelerators Find More to Do 











High -voltage terminal (+) 





Belt es / L Stripping canal 


lon source 


Electron-adding canal 








TWO-STAGE TANDEM ACCELERATOR gets two accelerations from one potential 
difference by changing negative ions to positive ones at the center 


Among ever bigger and more ener- 
getic particle accelerators, low-energy 
devices in the 1-30-Mev range are find- 
ing ever increasing amounts of work to 
do. Asdemonstrated on our cover and 
in the article that starts on page 86, 
they are used by people exploring radi- 
ation sterilization, food preservation 
and materials processing. Their flexi- 
bility as controllable sources of neu- 
trons (NU, Jan. ’59, p. 94), charged 


particles and photons (NU, Feb. ’59, p. 
104) makes them valuable in 
fields of physics, chemistry, biology 
and medicine. 

In the near future this value may be 
increased as new designs increase the 
energy range over which high-intensity 
beams of precisely known energy are 
In another area oil geolo- 
neutron 


Reac- 


available. 


are using accelerator 


sources for activation analysis. 


gists 


many 


tor physicists use them to pulse reactor 
mockups and subcritical assemblies. 
Nuclear physicists use the same acceler- 
ators to study nuclear reactions, and 
biologists are using them to extend the 
horizons of radiation biology. 


Multistage Accelerators 


Impressive experimental results are 
already coming from the two-stage tan- 
dem Van de Graaff accelerator at Chalk 
River, Ont. With only a little stretch- 
ing of the words of Robert J. Van de 
Graaff of High Voltage Engineering 
Corp., one might begin to see this type 
as only number two in an infinite series 
of tandem accelerators. Some of the 
early members of the series appear in 
the figures. Convergence of the series 
is assured by reduction of beam inten- 
sity at each stage of conversion. 

The machine starts its 
beam with a proton source. 
tons pick up two electrons from a hy- 


two-stage 
The pro- 


drogen flow in an electron-adding canal. 
About 0.1% of the beam is successfully 
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THREE-STAGE DESIGN allows neutral atoms to drift through first quarter of path, then change successively to negative ions and positive 


ions. 


Electron adding is ~0.1 % efficient at low energies 























180° magnet 





High-voltage terminal (+) 


High-voltage 
terminal (-) 








FOUR-STAGE SYSTEM bends output beam back along oval track to strike target in center of tank at right 
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converted to H~ ions. After acceler- 
ation as negative ions to the central 
positive electrode, the particles are 
stripped of electrons in a second canal 
and accelerated through the rest of 
their path as protons. 

The Chalk River machine has pro- 
duced 1.5 wa of 13.4-Mev protons from 
a 90-deg analyzing magnet. Current 
developments will probably increase 
this to 5 wa. The beam energy was 
homogeneous within +0.002% 

A three-stage accelerator will trans- 
form protons to neutral particles for 
the initial injection. The neutral hy- 
drogen atoms will drift to the first, 
negative high-potential terminal, 
change to negative ions, accelerate 
through two stages as negative parti- 
cles, change to positive ions and accel- 
erate through one more stage. Elec- 
tron addition at high velocities is too 


inefficient to permit making this a four- | 


stage system. Instead a four-stage 
system will bend the three-stage beam 
back in a race-track path as shown’ in 
the third figure. The re-entrant beam 
will experience an additional stage of 
acceleration and strike a target at the 
center of the right-hand tank. 

All of these tandem systems have end 
terminals at ground potential. Belts 
charge the central terminals to high 
potentials by carrying charges to them 
in the usual fashion. 

Tests with injection of negative oxy- 
gen ions into the two-stage accelerator 
suggest a further possibility: some of 
the ions are completely stripped of 
electrons in the central canal. The 
stripped oxygen nuclei can reach ener- 
gies greater than 54 Mev. 


Neutrons in Oil Geology 


Petroleum geologists are finding 
many uses for low-energy accelerators. 
In addition to many applications in 
bore holes that have already been de- 
scribed (NU, Dee. 58, p. 58), there are 
many others in laboratory analysis. 
Richard L. Caldwell is developing 
routine procedures for quick and accu- 
rate activation analysis of elements in 
rocks and sands, notably silicon, alumi- 
numand magnesium. He uses 14-Mev 
D-T neutrons produced by a 14-Mev 
positive-ion Van de Graaff and D-D, 
deuterium-on-beryllium and proton-on- 
lithium neutrons from a recently in- 
stalled 2-Mev machine of the same 
type. A water moderator is added 
when there is a need for slow neutrons. 

Silicon analysis uses irradiation with 
14-Mev neutrons to produce Al?* in the 
Si?8(n,p)Al*® reaction. The reaction 
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GUARANTEED 
PERFORMANCE 


Nominal energy | Nominal power 
LS-P-3 3-Mev _|_6 kilowatts 


m a 


LS-P-5 5-Mev 5 kilowatts 


LS- P- die 7-Mev 4 kilowatts 


Ls- P- 7 :< 9-Mev : "3 kilowatts 











Guaranteed to meet or exceed specifications, 
these accelerators are conservatively rated 
for long industrial life. 


The performance ratings of the linac models 
shown above are obtained from the same basic unit 
through the use of one of four interchangeable 
microwave acceleration tubes. 





To meet power and penetration requirements 
of the future, the appropriate acceleration tube 
can be installed at nominal cost. 

Installation time and cost are minimized 
in this design. Cost per kilowatt is the lowest in the 
microwave linear accelerator field. 

Inquire about HIGH VOLTAGE linacs, now in use 
for production sterilization on a two-shift basis. 


*Write our Technical Sales Department for further information 
on other accelerators for processing and research. 
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Research by a leading transmitting tube 
manufacturer shows that the life of UHF 
transmitting tubes is drastically shortened 
by impurities in cooling water. Dissolved 
impurities and suspended particles in the 
cooling water deposit on the tube anode 
forming an insulation. This causes over- 
heating, and shortened tube life results. 
The most damaging of these impurities is 
copper oxide which is formed when carbon 
dioxide dissolves copper particles in the 
cooling water. The Barnstead Cooling Water 
Repurifying System substantially reduces 
and sometimes completely eliminates the 
copper oxide deposits by removing the dis- 
solved copper, carbon dioxide and oxygen. 
Other dissolved scale-forming impurities 
are removed at the same time including 
submicroscopic particles. For the answer 
to your Pure Water Problems why not write 
to Barnstead today! 


Barnstead 
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cross section rises rapidly at neutron 
energies of ~6 Mev, so resolution of 
silicon among other elements that re- 
spond to neutron activation can be 
effected by changing the neutron spec- 
trum. A simple way to change the 
spectrum is to change the source-sample 
distance in a water moderator. 

In the silicon analysis three un- 
knowns and a standard are irradiated 
simultaneously for 1 min. Then 1.78- 
Mev photons from 2.3-min Al** are 
counted with an integral bias set at 
1.4 Mev. Starting 1 min after irradi- 
ation the analyst makes 30-sec counts 
on the four targets in succession. In 
12 runs with identical samples of silicon 
dioxide containing 2 gm of silicon each, 
maximum 6.0% 
standard deviation was 2.6%. 

Aluminum analysis. Four bore-hole 
cores can be analyzed for aluminum 


deviation was and 


content in 6! min. Slow neutrons are 


used to induce the Al*7(n,y)Al** reac- 
tion. Four unknowns and a standard 
are irradiated 5 in. from a deuteron- 
irradiated beryllium target and counted 
in the same manner as for silicon analy- 
sis. 20 wa of deuterons on the beryl- 
lium produce an indium-resonance flux 
of 5.5 XK 107 n/em?/sec at the sample 
location. Tests with samples contain- 
ing 2.7—4.2 gm of aluminum indicate a 
maximum error in four-count averages 
of 2.8%. 

Magnesium requires a relatively long 
4-hr irradiation, a 15-hr delay to elimi- 
nate short-lived activities and a 20-min 


count. 14-Mev neutrons produce Na*4 


in the Mg*4(n,p) Na*‘ reaction. Count- 
ing the resulting 2.75-Mev photons 
with 2.3-Mev integral bias eliminates 
the background from silicon. 

Aluminum causes a background that 
cannot be eliminated because Na** is 
produced in Al?7(n,a)Na*4. This back- 
ground and the one from magnesium 
are of small importance in silicon analy- 
sis because the count from silicon can 
be expected to be many times as large. 
However, in samples analyzed for mag- 
nesium, the counts from magnesium 
and aluminum are likely to be roughly 
equal. Thus the magnesium analysis 
is treated as a measure of magnesium 
plus aluminum. A separate measure- 
ment of aluminum content by the slow- 
neutron method permits subtraction of 
the aluminum. 


Low Energies in Physics 


Physicists in several fields are mak- 
ing extensive use of the timing and 
energy precision of low-energy acceler- 
ators. Reactor physicists use them to 
pulse mockups and subcritical assem- 
blies (NU, Nov. 757, p. 132 and June 
106). Nuclear physicists use 
their beams as probes to find the energy 


58, p. 


levels of light nuclei. 

Reactor physics. 
of pulsed assemblies is that one can 
without the 
awkwardness of changing fuel loadings 


One convenience 


study reactor behavior 
nor the inconvenience of elaborate 
Another is the 


pulsing itself; this enables separation of 


safety precautions. 
time and space parts of neutron diffu- 
sion. J. M. Hendrie is using pulsed 


accelerators for reactor analysis at 


Brookhaven. 


Announcing: THIRD INDUSTRIAL NUCLEAR 
TECHNOLOGY CONFERENCE 


Sponsors: 


Armour Research Foundation and NUCLEONICS with co- 


operation of the Atomic Energy Commission 


When? 
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September 22-24, 1959 
Morrison Hotel, Chicago 


Nonpower uses of nuclear technology in industry: Radi- 


tion, processing, tracing, activation analysis, gaging, 


radiation analysis, etc. 


Abstracts: 750-word 


informative abstracts are due May 1 


ad- 


dressed to Industrial Nuclear Technology Conference, 


Armour 


Research Foundation, 


10 West 35th Street, 


Chicago 16, Ill. Accepted abstracts will be published 
together as an AEC report shortly after the conference. 
(For further information see pages 27 and 141). 
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For example, by injecting 300-ysec 


bursts of neutrons at 50 cps into a 1-2 | 


meter cube or rectangular parallelepiped 
of graphite one can study neutron diffu- 
sion and determine diffusion-equation 
constants. A gated detector waits for 
an appropriate interval after each burst 
and then inserts its counts into succes- 
sive channels, each corresponding to 
a different delay. 1-Mev deuterons 
striking a beryllium target produce 
1-6-Mev neutrons at 5 X 10° n/sec. 
An appropriate counter delay is 2-5 
and the number of counting 
channels is likely to be 10-100. Meas- 
urements of this kind yield total macro- 
scopic absorption cross section, diffu- 


msec, 


sion constant, transport meen free path, 
diffusion length, ete. Variations can 
be designed to discover the effects of 
geometry and temperature. 

Pulsed neutron sources are particu- 
larly valuable in measuring reactivity 
values. For example, the withdrawal 
of a control rod in a critical system may 
require a change of fuel loading. Its 
effect in a subcritical system can be 
examined directly with the pulse 
method. 

Nuclide probing. Fay Ajzenberg- 
Selove finds that there is plenty of work 
for low-energy accelerators in the ex- 
ploration of light 
She and Thomas Lauritsen are 
currently bringing up to date their last 
review of the subject (Revs. Mod. Phys. 
27, 77, 1955). A large volume of ex- 
periments has been published since the 
1955 review. 


energy Jevels in 


nuclei. 


One explanation is the 
large number of interesting subjects 
that can be studied with low-energy 
nuclear spectroscopy. Examples are 
nonnuclear corrections of charge sym- 
metry, charge independence of nuclear 
forces, nucleon-coupling schemes, and 
nuclear-reaction mechanisms. 

Much remains to be done in this 
About 700 energy 
known in the light nuclei. In 300 of 
thes further information is 


known such as total angular momen- 


area levels are 


levels 


tum, parity, isotopic spin, half-life or 
level width. However, there are many 
regions in which there is very little data. 


Much 
mation on spin-dependent properties 


Polarized particles. infor- 
may come in the future from polarized 
beams of accelerated particles, under 
by Harvey B. Willard of Oak 
tidge National Laboratory. 


study 
A polar- 
ized beam is one in which spin orienta- 
tions are not randomly distributed. 
Separations can be effected by using a 
the 
shift, electron pickup by protons pass- 
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tapered window for hot cells 
installs faster and easier 


To make it easier to install your hot 
cell window, Corning has developed 
this new tapered housing design. 
The tapered design cuts off excess 
weight, makes the window easier to 
handle. Molding of the hole in your 
hot cell is simplified. And grooves in 
the housing and casing help guide 
the window accurately into place. 
Inside the casing you'll find the 
same dependable glasses that over 
200 hot lab installations are using 
today. Glass that’s been specially 
developed by Corning for radiation 
shielding. This glass is crystal clear, 
and stays that way. And it’s safe— 


CORNING 
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gives you both protection and good 
viewing characteristics. 

You get this Corning radiation 
shielding window as a completed 
package—ready-to-install. Just speci- 
fy wall thickness, energy level, and 
desired viewing area of your hot cell 
to Corning engineers. We'll do the 
rest .. . and deliver on time. 

This newly designed window costs 
no more. Get it as a completed pack- 
age, filled with index oil and ready to 
install. To learn more about window 
types and specifications, write the 
Plant Equipment Sales Department, 
Corning Glass Works, Corning, N.Y. 
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A Mae COA OR 


PRECISION BORED & HONED PARTS 


ing through ferromagnetic foils, scatter- 
ing from a resonance level that is split 
Eventual 


by spin-orbit coupling, etc. 
measurements with beams produced in 
one of these ways require observation 
of second-order effects, and herein lies 
the greatest difficulty. Optimistically 
one can hope to work with 107 particles 
sec in a suitable solid angle. 

He® beams also promise significant 
experimental results as nuclear probes. 
The possibility of making such beams 
with useful intensities results from re- 
actor production of tritium which de- 
cays to make He’. 
effected by capturing the beam and re- 


Gas economies are 


covering the unused portion of the gas. 
He* irradiation has two principle 
advantages: (a) production of highly 


‘ , ‘ excited nuclei with low beam energies 
A new 20 page brochure describes our services. Write for a copy. 


AMERICAN HOLLOW BORING CO. 


You can depend on American as a reliable 
source for precision bored and honed parts 
for your most exacting applications. 


in such reactions as Be* + He’ — C” 
and (b) simultaneous production of 
analog states in (He*, n) and (H*, p) 
reactions. Work with these beams is 
going on at several places, notably at 
Chalk River under E. Almqvist. 


1069 West 20th Street @ ERIE, PENNA. Accelerators for Biology 


In the future, particle accelerators are 








likely to see much more use in biology 
and medicine than in the past, accord- 
ing to Howard L. Andrews of the Na- 
tional Institutes of Health. 
protons and electrons serve two pur- 


Beams of 


INUCLEONICS 
SCIENTISTS 


Nucleonics scientists of mature judg- 
ment with a willingness to lead or 
participate in a variety of nucleonics 
pursuits are invited to investigate 
opportunities at Cornell Aeronauti- 
cal Laboratory 


Well established in a number of 
critical fields, CAL is now bringing 
its technical skills to bear in the 
field of nuclear research. Key crea- 
tive positions are still open in this 
new nucleonics group. To learn 
more on how you may participate, 
write for our special brochures, 
Nucleonics Research Potential” and 
“Community of Science.” 


CORNELL AERONAUTICAL LABORATORY, INC. 


of Cornell University 
BUFFALO 21, NEW YORK 
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poses for research in these fields: (1) 
They permit changing the ion density 
or “linear energy transfer’? along the 
paths of primary ionizing particles. 
(2) They permit precise definition of 
the irradiated field both in outline and 
in penetration. Few medical acceler- 
ators exist, and little work has been 
done with them. But uses of charged 
particle beams is increasing 

The following is Andrews’ list of 
ideal characteristics for a biological- 
medical accelerator: (a) variable, stabi- 
lized potential of 1—6-million volts, (b) 
beam currents up to 5 ma, (c) beam- 


9 


current stabilization from 10~° amp to 
maximum, (d) preset X-ray-dose inte- 
grator, (e) focus and scan controls, (f) 
two acceleration tubes, one for X-rays, 
one for electrons, (g) both pulsed and 
continuous operation, (h) high-speed 
over-current protection, (i) linear 24-in. 
scan, (j) trunion mounting. 


* * * 


This article is based on papers presented at 
an accelerator conference sponsored by High 
Voltage Engineering Corp. at Cambridge, 
Mass., October 14-16, 1958. 
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Handling Contamination in 


Spent-Fuel Shield Water 


By W. H. SNAVELY and P. J. MANNO 


Continental Oil Co., Ponca City, Oklahoma 


Radiation laboratories using spent 
MTR fuel elements in water shields fre- 
quently have a radioactive-contamina- 
tion problem in the shield water 
Identification of the contaminant or 
contaminants offers two conspicuous 
advantages: (1) Maximum permissible 
concentrations are higher for identified 
than for unidentified 
Procedures estab- 


contaminants 
ones 2) can be 
lished for safe handling of the water on 
either routine or emergency basis. 

We have identified our contaminants 
and Zn®. Both nuclides were 
well within allowable concentrations for 
ground 
problem 


as Sr° 


discharge into sewage and 
The contamination 
has been reduced materially by using 
ion-exchang¢ resins. In particular the 
situation is simplified by installing a 


water. 


small exchanger ahead of our large one 


and decontaminating it frequently. 
tadioactivity accumulated in the large 
collected about 


6 months, precipitated and disposed of 


exchanger is every 


in solid form. 


Contaminant Identification 


Shield-water activity does not ap- 
pear to be solely of fission-product 
origin and may be attributable in part 
to contaminants in the aluminum clad- 
ding of the fuel elements activated by 
neutron capture. The activated mate- 
rial is leached out slowly by the shield 
water and constitutes a troublesome 
decontamination problem, as well as a 
minor personnel hazard. 

Knowledge of the identity of this 
contaminant permits a better evalu- 
ation of operating hazards. Atomic 
Energy Commission tolerance levels are 
based on the nature of the material 
involved and are set at a very low level 
for unknown activity. If pool water 
is lost by leakage or if it becomes neces- 
sary to discharge the pool water into 
storage tanks or into the sanitary lines, 
evaluation of preliminary treatment 
and subsequent decontamination de- 
pends on knowing the contaminants. 

A study has been carried out on our 
pool shielding water, and we believe 
that it is representative of the situation 
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in other similar installations 
spent MTR fuel elements. 

In our facility, pool water is circu- 
lated through a small ion-exchange bed 
of 0.05-ft* capacity containing Amber- 
lite IR-120,* and then through a large 
unibed ion exchangert of 6-ft* capacity. 


A standard Trident-model water meter | 


was used to measure water flow through 
the resin beds. After 72 hr of oper- 
ation of the circulation decontamina- 
tion system in which 5,000 ft* of water 


was pumped through the ion ex- | 
changers, radiation level in the large | 


exchanger was 13.0 mr/hr, and in the 
small exchanger, 45.0 mr/hr. Initial 
radiation levels were 0.7 and 0.3 mr/hr. 
The buildup of activity on the small 


exchanger indicates it is effective in | 


lowering the level of activity on the 
large We analyzed the 
radioactive material from the small ion 
exchanger after 72 hr of operation. A 
6 N _ hydrochloric-acid solution was 
necessary to elute the radioactive ma- 


exchanger. 


terial for concentration by evaporation. 


The concentrated solution sub- 
jected to analysis by the hydrogen- 
sulfide qualitative-analysis scheme (1). 


Sufficient impurities were present in 


was 


the solutions to serve as carriers for 


active elements in the various analysis 
groups. 
concentrate in the 
carbonate groups. 
components indicated the presence of 
active zine and strontium. 

Zinc. spectra of the 
gross activity and the separated-zinc- 
fraction activity were obtained with a 


basic sulfide and 
Separation of group 


Gamma-ray 


single-channel recording spectrometer 
and a Nal(TI) crystal. In Fig. 1 
these are compared with the spectrum 
obtained under identical conditions 
from a National Bureau of Standards 
The 1.1-Mev 


photopeak was observed to decay with 


standard sample of Zn®. 


* Cationic phenolic resin available from 
Rohm and Haas, Philadelphia, Pa. 

+20 inch diameter, available from In- 
dustrial Filter and Pump Manufacturing 
Company, Chicago, Ill. 

t 5<-in. Trident water meter, Neptune 
Meter Co., New York, N. Y. 





using | 


The activity was found to | 


need 
high vacuum 
components ? 
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Stokes Series H Microvacs were de- 
signed by vacuum specialists . . . are 
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needs ... give you more pumping ca- 
pacity per dollar. The integral construc- 
tion includes dynamic balancing, 
valves, motor, belt guard, and auto- 
matic lubrication—there are no extras 
to buy. A complete line of Microvacs 
include capacities from 17 to 500 cfm. 
For fast, efficient pump-down— you 
| can depend on Stokes Microvac Series 
| H Pumps. 
| 





a makes a complete line 
of vacuum components. . . ad- 
vance-designed and engineered 
to help make your vacuum sys- 
tems more productive. Each 
unit reflects Stokes’ unparalleled 
experience, pioneering leader- 
ship and wealth of basic vacuum 
technology. 


The product list includes: Dif- 
fusion Pumps, Vapor Booster 
Pumps, Mechanical Pumps, 
Mechanical Booster Pumps, 
Vacuum Gages, and Valves. 


Send for technical data on any 
or all... without obligation. 


High Vacuum Division 
F. J. STOKES CORP. 
5565 Tabor Road, Phila. 20, Pa. 
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staff, is shown with a section of a 
26” x 26” well type unit of plas- 
tic phosphor NE102. 


Whether you require a 26” di- 
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1 mm filament, our plastic phos- 


ameter well detector or a 
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with 
which produce 


Now available compacted 


powder reflectors 
the light collection efficiency of 
MgO powder but form an adher- 
ent coating without employing a 
resinous binder. 


about 


Why not write 


to us your requirements? 


Our products include: 
Plastic 
rods, 


sheets, 
lary form. 


NE102 in 
slabs and 


Phosphor 
filaments, 


filaments and capil- 


Special Capillary Flow Coun- 
ter NE5O1 for alpha and beta 
detection in 


aqueous solu- 


Boron Polyester thermal nevu- 
tron detectors, NE400 and 
NE401 and 402 with enriched 
Bio. 

Fast Neutron Detector NE404. 
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Pool water 


Sulfide preciptate 











0.25 050 075 

Energy (Mev) 
FIG. 1. GAMMA-RAY SPECTRA from 
pool water, Zn®® standard and zinc- 


sulfide precipitate from pool water 
identify one of our contaminants as Zn°° 


a half-life of ~250 days in each case. 

By assuming that all radioactivity 
was captured in the ion exchanger we 
determined that the average specific 
activity of Zn® in water fed to the ion 
exchanger was 4.6 X 1074 we/ml. Our 
flow rate was 520 gph and total pool 
capacity, 17,500 gal. At the time of 
the measurements there were in the 
pool four fuel elements that had been 
allowed to cool for an average of 
150 days. 

Strontium. from the 
zinc-sulfide treated 
with a saturated aqueous solution of 
A white precipitate of 
calcium obtained which 
carried the residual activity. The ac- 
tivity was predominantly beta radi- 
ation with a half-life greater than 1 
year. An aluminum-absorption curve 
of the activity was compared with that 


filtrate 
was 


The 
precipitate 
oxalic acid. 


oxalate was 


of a known Sr source, and a Feather 
analysis (2) of the data was carried out. 
Fig. 2. The 


Results are shown in 


range ratio approaches unity, establish- 
ing the activity as Sr®. Specific ac- 
tivity of Sr®*, on the same basis as that 
given above for Zn®, was found to be 
1.0 X 10-6 we/ml. 

The Federal Register (3) lists the 
permissible concentrations of radio- 
active isotopes in sewage and various 
effluent waters. We used 0.2 yue/ml 
for Zn® and 2.4 * 107® we/ml for Sr®. 

The two 


isotopes in the Conoco pool shield 


concentrations of these 
water are within safe limits, taking 
into consideration a possible contami- 
nation of sewage or ground water. 
The only appreciable quantity of these 
isotopes encountered by personnel is 


during ion-exchanger regeneration. 


Contaminant Control 


At this point, we needed a procedure 
to decrease the exposure of laboratory 
personnel to the activity concentrated 
Based on the 
ion-ex- 


on the ion exchanger. 
results of the small “guard” 
changer study, a stainless-steel ion ex- 
changer (capacity 0.6 ft?) was put in 
series with the main ion exchanger. 
This small ion exchanger (Fig. 3) has 
stainless-steel screens to protect inlet 
and outlet, as well as a 1-in. ball valve 
at the bottom to permit removal of the 
resin. A cylindrical 3-in. lead shield 
was installed covering about 34 of the 
surface of the small exchanger, to fur- 
ther reduce the surface activity. 

The results of ~1 month of operation 
are summarized in the table. These 
data show that the guard ion exchanger 
is effective in removing the radioac- 





Range Ratio 
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025.05 ors 10 
Fraction of Range 


FIG. 2. FEATHER PLOT of apparent 
ratio of beta ranges for unknown contam- 
inant and Sr*° shows that second contam- 


90 


inant is Sr 





Effectiveness of Guard lon Exchanger 


Flow time Volume of water 
hi (ft 


0 
1,315 
4,177 

26,360 

68,850 


Activity (mr/hr) 


Guard 


exchanger 


Large 


é xchange r 


13.0 0 
13.0 65 
13.0 115 
13.0 221 
13.0 260 
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FIG. 3. SMALL GUARD ION EX- 
CHANGER limits build-up of activity in 
main exchanger. It is well shielded 
and can be decontaminated frequently 
with ease 


tivity from the pool shield water. This 
simplifies the problem of frequent re- 
generation of the large ion exchanger as 
well as processing the contaminated 
water resulting from the regeneration. 

When it becomes necessary to re- 
generate the large ion exchanger— 
about every 6 months—the wash water 
is collected in a 250-gal stainless-steel 
tank. The radioactivity is precipi- 
tated by an alkaline sulfide and oxalate 
treatment. The supernatant liquid is 
not radioactive and can be disposed of 
through the laboratory sewers. The 
radioactive residue is put into 55-gal 
drums and mixed with concrete. The 
drums are then disposed of according 
to AEC directives. 

The use of the small ion exchanger 
has markedly reduced the time and 
effort needed for the ion-exchanger re- 
generations. When the level of radio- 
activity builds up to about 300 mr/hr, 
the resin is dumped directly into a 55- 
gal drum, then immediately incorpo- 
rated into concrete. This eliminates 
the frequent handling of large volumes 
of contaminated wash water from the 


ion ex¢ hangers. 
oe 2 


We are grateful to P. L. Gant of the Conoco 
Radiochemistry Group for determining the 
gamma spectra 
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Radiochemistry ” 


PHILIPS 


equipment for Nuclear Physics and Atomic Energy 


This panel permits the continuous programmed measurement 
and recording of the fast neutron oie Gee radiation levels 
at 8 different points in the building of the 150 MeV synchro- 
cyclotron of the "Laboratoire de Physique Nuciéaire” in Orsay, 
France. It provides for "warning" or “alarm” signals, the latter 
with provision to switch off the cyclotron at a preset level of 
intensity. 

Similar systems designed to your specific requirements can 
be supplied. 


Synchro-cyclotrons 
for various final 
energies 


Ofelel Cen ehien sliced 
accelerators. 


Generators for 
very high 
d:c. voitages 


Linear electron 


accelerators 


Reactor control 
nab ameiaal-sanesbelelal 


accleirehalelammaal-y-b-1 imlale| 


ction equipment 


Civil defence 
nstruments 


Naler- maalelalicelmiale 
instrumentation 


Geiger counter tubes 
Photomultipliers 
Radio-active isotopes 
Air & gas liquefiers 


VF Toeielaammaalst-b-ieimiare 
equipment 


PHILIPS 


Nuclear Equipment 


for further information please apply to one of the following addresses: 


N.V. PHILIPS’ GLOEILAMPENFABRIEKEN, Scientific Equipment Department, Eindhoven-Holland 

RESEARCH & CONTROL INSTRUMENTS LTD., Instrument House, 207/215, King's Cross Road, 
London WC 1 

PHILIPS ELECTRONICS INC., Instruments Division, 750, South Fulton Avenue, Mount Vernon N.Y. U.S.A. 
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Environmental 
Radioanalyses and 
Radioactivity Surveys 
Collection and radioanalysis of 
environmental and biological 
samples of 

Air particulates Vegetation 

River water Milk 

and effluents Fish 

Soil and silt Small animals 
Gross radioactivities and/or spe- 
cific radionuclides determined. 


Urinalyses 

The most comprehensive urinal- 
ysis service commercially avail- 
able, including analyses for 

Gross activities Radium 

Total uranium Fission products 
Enriched uranium Plutonium 
Beryllium Strontium 
Thorium Promethium 


Film Badge Service 


Unique features 
include 
extreme sensitivity, 
cumulative quarterly 
and annual data 
reports, tamper-proof 
badge, combination security-photo 
and film-badge holder. 
Write for brochures giving 
detailed information on 
these services. 
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Chemische Reaktionen 
ionisierender Strahlen 
(Radiation Chemistry) 

Edited by HERMANN MOHLER (Verlag H. R. 
Saverlander, Aarav and Frankfurt am Main, 


1958, 299 pages, $9.55; U. S. distributor: Albert 
J. Phiebig, White Plains, N. Y.). 


Reviewed by RicHarpD WOLFGANG, Ster- 
ling Chemistry Laboratory, Yale Univer- 
sity, New Haven, Connecticut 


This 
given in 1956 at a colloquium on radi- 
ation chemistry at the University of 
Basel. 

Contributions in both German and 


volume is based on lectures 


English are included, and, as may be 
expected in such a compilation, the 
book is quite heterogeneous in other 
respects as well. The topics range 
from a long introduction covering the 
most elementary atomic and nuclear 
physics to a chapter on Radiation-In- 
duced Reactions of Potential Industrial 
Importance, which is largely specula- 
tive. In between are chapters on Radi- 
ation Sources, Dosimetry, Fundamentals 
of Chemical Action of Radiation and 
Effects of Atomic Radiation of Polymers. 
These topics are generally thoroughly 
developed from their fundamentals and 
are thus valuable both as introductions 
and as elementary reviews. 

The book directed 
largely towards the industrial chemist 
looking into radiation chemistry as a 
new field. 
spect will, however, be limited by its 
bilingualism. Although the editor 
states that no attempt was made to 
provide the completeness of a hand- 
book, it is likely that “ Radiation 
Chemistry” will, in this country, be 
primarily useful as a series of reviews 
with references. 


appears to be 


Its usefulness in this re- 


Nuclear Reactor Experiments 


Edited by J. BARTON HOAG (D. Van Nostrand 
Company, Princeton, 1958, xv + 480 pages, 
$6.75). 

Reviewed by F. J. Jankowskt, Battelle 
Memorial Institute, Columbus, Ohio. 

This book, prepared by the staff of 
Argonne National Laboratory, is based 
on courses given there for the Inter- 
national School of Nuclear Science and 
Engineering. This contribution by the 
Argonne staff, with its long and varied 
experience in reactor research, is a 
welcome addition to the available 
literature. 

This book is very broad in scope. It 
includes not only experiments using re- 


actors and determining reactor charac- 
teristics but also metallurgical, chemi- 
cal and physics experiments with 
reactor fuel materials, and radiation- 
detection experiments that are basic to 
many reactor experiments. In all, 49 
experiments are described. 

The first chapter, titled Some Basic 
Information, introduces the concepts 
of activation, decay, cross section, flux 
radiation The pri- 
mary (elementary) particles of interest 


and protection. 


are described, but a knowledge of nu- 
This is fol- 


lowed by seven chapters covering ex- 


clear structure is assumed. 


periments in nuclear and reactor physics 
and engineering. These experiments 
include the detection of radiation, the 
measurement of flux, diffusion length 
and age, several exponential experi- 
ments, a subcritical multiplication ex- 
periment, measurements of cross sec- 
tions, shielding studies, determination 
of the operating characteristics of a re- 
actor and the determination of heat- 
transfer coefficients for water and 
liquid-metal coolants. 

Chapter 9 presents several metal- 
lurgical experiments that cover produc- 
tion, heat treatment, vacuum melting 
and casting of metallic uranium, and 
the production, rolling, cladding and 
inspection of uranium-aluminum al- 
loys. Chapter 10 presents experiments 
on the corrosion of fuel and structural 
materials, the effect of radiation on the 
physical properties of materials and 
the gas evolution from solutions ex- 
posed to radiation. 

Chapter 11 describes a metallurgical 
“hot” laboratory; no experiments are 
presented. 

Chapter 12 describes ten experiments 
on separation processes, including tech- 
niques in liquid-liquid partition, sol- 
vent extraction, distillation and ion 
exchange. 

Because of the variety and complex- 
ity of the subjects, all experiments do 
not follow identical formats, but there 
is a consistency in the presentation. 
Most of the chapters begin with a back- 
ground section describing the field to be 
investigated, its relation to reactor 
work and the elementary theories in- 
volved. Many of the experiments in- 
clude introductions that extend the 
chapter introduction to the particular 
subject being investigated. This is 
followed by sections (as required) de- 
scribing the apparatus, procedure, cal- 
culations, interpretations and results. 
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Several of the experiments are followed 
by a list of additional experiments that 
may be performed if the investigator 
wishes a more extensive program in 
that particular field. Numerous refer- 
ences are given. 

The book is outstanding in the very 
great amount of detail presented. Ex- 
perimental procedures are clearly pre- 
sented, often with the steps listed in 
Data sheets to be 
used in the experiments are frequently 


numerical order. 


given and add greatly to the ease of 
understanding of the text material. 
In many of the experiments typical 
sample calculations are 
In all cases the conditions 


results and 
presented. 
of the experiment are given in detail so 
* that a student should have no difficulty 
in following the steps. Several tables 
and graphs plus seven appendices give 
information that is frequently needed 
by experimentalists. 

Many 
nuclear 
These 


water 


items of apparatus used in 
reactor work are described. 
include graphite and heavy- 
exponential assemblies, water 
heat-transfer test 
loops, and solvent-extraction pulse col- 


and liquid-metal 


Drawings and photographs are 
used freely (245 figures) with greater 


umns. 


detail given to the more important 
points. For example, a water heat- 
transfer test loop is shown by a sche- 
matic drawing while the test section 
for the loop is described with a detailed 
machine drawing and by additional 
sketches and photographs. 

The application of the experiments 
to specific apparatus is particularly 
good. This clarifies the reason for each 
step in the procedure and permits the 
investigator to modify the steps for ap- 
plication of the technique to his par- 
Attempts to be com- 
pletely general could lead to vague and 
controversial instructions. 

This book does an excellent job in 
placing a proper emphasis on safe pro- 
One example is the instruc- 


ticular case. 


cedures. 
tion to calculate the autoclave pres- 
sures that may result from metal-water 
reactions before starting a corrosion 
test. 
tions taken to avoid criticality in the 
subcritical multiplication experiments. 


Another example is the precau- 


The material coverage in the text is 


elementary, clear, and easily read. 
The editor states that “no claim is 
made for completeness.” This is un- 
derstandable, for completeness would 
not be compatable with the breadth of 
The book is a 


good guide for the reader in an un- 


coverage in this book. 


familiar field; however, there is only an 
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occasional mention of the limitations of 
the techniques presented or of the 
direction that must be taken if more 
exact results are required. These are 
evidently left for the instructor to fill 
in. More attention to these points in 
the book would have been valuable. 

This book presents primarily tech- 
niques developed at Argonne. The 
book would be more valuable in general 
if the techniques were not limited to 
ANL work. For example, the tech- 
niques for measuring the fast-fission 
factor and resonance-escape probability 
in heterogeneous systems that have 
been developed at BNL and WAPD are 
only referenced in this volume. 

There are a number of minor errors 
and points that could be clarified. 
new 
text and in this case should give a 
reader little difficulty. On the whole 
it is a well-prepared and useful text. 


This occasionally happens in a 


It should prove helpful to newcomers 
in any particular field of reactor investi- 
gations, provide a source of general in- 
formation from which specialists can 
obtain a knowledge of the whole reactor 
field, and form the basis for educational 
courses in experimental reactor work. 


BOOKS RECEIVED 


Disposal of Radioactive Waste, by 
K. Saddington and W. L. Templeton 
(The Macmillan Co., New York, 1959, 
x + 102 pages, $3.50). The nonspe- 
cialist is introduced to the problem. 


Leitfaden des Strahlenschutzes, by 
H. R. Beck, H. Dresel and H.-J. 
Melching (Georg Thieme Verlag, Stutt- 
gart, 1959, xi + 253 pages, DM 36). 
This is an introduction in German to 
the biological effects of radiation and 
personnel protection. 


Powder Metallurgy in Nuclear Engi- 
neering, edited by Henry H. Hausner 
(American Society for Metals, Cleve- 


land, 1958, ix + 275 pages, $8.50). 
Included are the proceedings of the 
Conference on Powder Metallurgy in 
Atomic Energy (Philadelphia, Oct. 
’55, sponsored by AEC and ASM) to- 
gether with additional chapters. In- 
cluded are ceramics, dispersions and 
alloys. 


The Effects of Atomic Radiation on 
Oceanography and Fisheries, Publica- 
tion 551 (National Academy of Sci- 
ences-National Research Council, 
Washington, D. C., 1957, ix + 137). 
This is a report by the Committee on 
Effects of Atomic Radiation on Ocean- 
ography and Fisheries of the NAS. It 





Vacuum 
and 


Inert 
Atmosphere 


ARC MELTING 


NUMEC offers high-purity arc melting 
in vacuum, which can be consistently 
maintained at .1 micron during the melt- 
ing period, and in inert atmospheres. 
Some illustrative applications include: 
¢ Melting of uranium metal of any 
enrichment in combination with 
refractory alloying metals. 

¢ Consumable and non-consum- 
able melting of zirconium and 
Zircaloy. 

e Conversion of crystal-bar haf- 
nium into ingots. 

e Button melting for R & D in- 
vestigations of alloying and im- 
purity effects. 

NUMEC also provides induction melt- 
ing; brazing and inert atmosphere weld- 
ing of reactor materials; pelletizing; 
corrosion testing and other analytical 
services; unirradiated scrap recovery; as 
well as quantity production of enriched 
uranium fuels and control materials. , 


NUMEC 


Nuclear Materials 
and Equipment Corporation 


Apollo, Pennsyivania 


Telephone: GRover 2-8411 Cable NUMEC 
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GREAT LAKES CARBON CORPORATION. 


18 EAST 48TH STREET, NEW YORK 17, N.Y. - 


OFFICES IN PRINCIPAL CITIES 














LEVINTHAL 


scintillation transducer 
(integrally packaged 5-in. crystal, photomultiplier, and preamplifier) 


Combination of these elements improves trans- 
mission, increases pulse height, and optimizes 
resolution. 

Levinthal Nal(Tl) crystals, produced in a new 
facility backed by several years of research, 
offer improved uniformity of thallium distribution 


and improved optical clarity, documented in 
routine monochromator recordings. 

Send for data sheets or additional information 
on these transducers or on Levinthal crystals 
either unmounted or specially mounted to meet 
your individual requirements. Contact: 


LEVINTHAL ELECTRONIC PRODUCTS, INC. 


STANFORD INDUSTRIAL PARK 
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PALO ALTO 3, CALIFORNIA 


NUCLEAR DIVISION 
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Department starts on page 124 


is part of a study undertaken by NAS 
in 1955, for which summary reports 
The pres- 
ent report provides detailed technical 


were published in June ’56. 
background. 


Control Engineers’ Handbook, edited 
by J. G. Truxal (McGraw-Hill Book 
Co., New York, 1958, 1048 
$18.50). Prepared by 36 experts, this 
handbook 
(SO% of 


system designs. 


pages, 
emphasizes com- 
book) 
Basic 
applications are 


system 
ponents rather than 
description, 
characteristics and 


given for each component type. 


The Atom and the Energy Revolution, 
by Norman Lansdell (Philosophical 
Library, New York, 1958, 200 pages, 
$6.00). 
on the world energy picture is dis- 


The impact of nuclear energy 


cussed on a level understandable to 


the layman. 


Extensive Air Showers, by W. Gal- 
braith (Academic New York, 
1958, xvi + 211 pages, $7.50). Work 
done in this area over the last twenty 


Press, 


years is reported. 


Nuclear Reactions, Vol. 1, edited by 
P. M. Endt and M. Demeur (Inter- 
science Publishers, New York, 1959 
xli + 502 $12.50). The re- 
discussed limited (1) to 
those involving target and bombarding 


pages, 
actions are 
particle or radiation and (2) to the low 
The 


book is written on an advanced level. 


or “classical” energy region. 


Industrial Electronics Handbook, edited 
by W. D. Cockrell (McGraw-Hill Book 
Co., New York, 1958, xv + 1579 pages, 
$22.50). All phases of industrial elec- 
and control are 
100 


cussions are 


tronics covered by 
Brief 


radiation 


contributors. dis- 


included on 


about 
survey meters, radioactive gages and 
related instrumentation. 


The Atomic Age and Our Biological 
Future, by H. V. Brgndsted (Philo- 
sophical Library, New York, 1957, 
xiv + 80 pages, $2.75). The author 
contributes to a balanced understand- 
the 
nuclear energy. 


ing of benefits and hazards of 


Logical Design of Electrical Circuits, 
by R. A. Higonnet and R. A. Grea 
(McGraw-Hill Book Co., New York, 
1958, 232 pages, $10.00). Boolean 
algebra is systematically applied to 
circuit design, particularly control 
circuits. 
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Nuclear Magnetic Resonance, by 
John D. Roberts (McGraw-Hill Pub- 
lishing Co., New York, 1959, viii + 118 
pages, $6.00). This introductory text 
is written by an organic chemist for 
organic chemists. The introductory 
chapter presents a nonmathematical 
summary of the theory, and the balance 
of the book covers a variety of applica- 
tions to structural, analytical, and 
kinetic research. 


The Neutrino, by James 8S. Allen 
(Princeton University Press, Princeton, 
1958, viii + 168 pages, $4.50). Work 
through March, 1958, is reported, in- 
cluding post-parity experiments. 


The Physics of Elementary Particles, 
by J. D. Jackson (Princeton University 
Press, Princeton, 1958, x + 135 pages, 
$4.50). This is an introduction to the 
subject for nonspecialists. 


Nuclear Moments, by Hans Kopfer- 
mann, adapted from 2nd German edi- 
tion by E. E. Schneider (Academic 
Press, New York, 1958, xiii + 505 
pages, $13.00). The discussion is 
mainly limited to ground states. The 
2nd edition is almost completely re- 
vised, reflecting the recent strides in 
the field. 


Analog Simulation, by Walter J. 
Karplus (McGraw-Hill Book Co., New 
York, 1958, xv + 434 pages, $10.00). 
Analog techniques and systems for 
solving field problems are surveyed. 


Physical Laws and Effects, by C. F. 
Hix, Jr. and R. P. Alley (John Wiley 
& Sons, New York, 1958, 291 pages, 
$7.95). Physical phenomena and their 
governing laws are described for the 
engineer, cross-referenced by name, 
quantities involved and _ fields of 


science 


The Transuranium Elements, by G. T. 
Seaborg (Yale University Press, New 
Haven, 1958, xxi + 328 pages, $7.00). 
An account is given of the creation of 
the heaviest elements. 


The Geology of Uranium (Consultants 
Bureau, New York, 1958, vi + 128 
pages, $6.00). This translation from 
the Russian consists of the 12 papers 
of Supplement No. 6 of the Soviet 
Journal of Atomic Energy (1957). 
Subjects included are sedimentary 
ores, aerial surveying and assaying. 


A Guide to Nuclear Energy, by 
R. F. K. Belchem (Philosophical 
Library, New York, 1958, vii + 77 
pages, $3.75). Nuclear reactors are 
explained to the layman. 
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IS YOUR GUESS WORTH $100? 


SCALER 
RATEMETER 
SERIES 


COMBINATION 
No. 222 





In January, 1959 this standard production model 
single channel analyzer, selected at random, was 
placed in operation. Since that time it has been 
counting the 0.662 mev gamma of Cs”. HOW LONG 
WILL IT OPERATE WITHOUT A FAILURE OF ANY 
COMPONENT INCLUDING VACUUM TUBES? 


$100 Prize for the Closest Guess 


EASY . . . Just put your guess, name and company 
address on the back of a post card and mail it now. 
Contest is open to anyone . . . your colleagues may 
enter. Entries are limited to one per person. 


There will be only one winner. In case of 
ties, earliest postmark will determine winner 
Entries become property of Nuclear-Elec- 
tronics Corporation and must be received 
before April 11, 1959. Decision of the judges 
is final. Employees and representatives of 
Nuclear-Electronics Corporation are excluded 


WRITE “New Catalog” on post 
card to receive your copy 
which describes this and other 





instruments, 


MN yUCLEAR 
BS LECTRONICS 


CORPORATION 


2925 N. BROAD ST., PHILADELPHIA 32, PA.* BALDWIN 6-2300 


Export Representatives: AD. AURIEMA, INC., New York 


P.S. See us at the Atom Fair, April 6-10 
Cleveland Public Auditorium 
Booth #701 





A sleeve, raised 
and lowered with- 
in @ nonmagnetic 
tube, attracts or 
releases an Alnico 
magnet attached 
to the mercury ‘i 
(or dry contact) \ 
switch. Basically, 
this is Magnetrol. 


The operating principle 


behind MAGNETROL 


Because its operating principle, based on the proper 

use of a permanent magnet, guarantees a perpetual 

guardianship over your critical liquid levels, the Mag- 

netrol liquid level control unobtrusively takes the most 

important place in any system or process where it is 
necessary to keep a liquid at a constant level. Principle and 

action are so simple that failure is virtually impossible. Mag- 
netrol is versatile, too—will handle almost ANY liquid, at ANY 
temperature, at ANY pressure, with the same precision and 
dependability. No mechanical or electrical linkages to stick, bind, 
ride out of line or wear out. Available for controlling level changes 
from %” to 150 ft. Multi-stage switching when desired. Write to 


MAGNETROL, Inc., 2115 S. Marshall Bivd., Chicago 23, Illinois 
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ENGINEERS AND PHYSICISTS 
needed at MARTIN 


If you’re an experienced man looking for an exciting career 
ey, check the immediate openings which are listed 
below. 


Top jobs for top men are available in both engineering and su- 

pervisory capacities. We need high caliber men for creative 

and responsible work, and we'll pay top salaries to those who 

qualify. 

ELECTRONIC ENGINEERS Circuit Design + Systems + Inertial 
Guidance + Countermeasures + Digital Computers - 
Test Equipment Design 


NUCLEAR ENGINEERS Heat Transfer-Fluid Flow Analysis « Re- 
actor Test & Evaluation + Controls Analysis & In- 
strumentation * Power Plant Systems Analysis + Sys- 
tems Optimization 


PHYSICISTS Magneto-Fluid Dynamics * Ionized Fluid & Plasma 
Physics * Shock & Detonation Wave Phenomena - 
Rarefied Gas Phenomena + Upper Atmosphere 
Phenomena 


WRITE TODAY TO: William Spangler, Manager—Professional Employ- 
ment, Department N-2, The Martin Company, Baltimore 3, Maryland 
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UKAEA, ANL Fast Company 
Dear Sir: 


In the Sept. ’58 issue of NUCLEONICS, 
p. 134, the statement is made: “‘ What 
the Geneva paper does reveal is that 
following the U. 8. theoretical work con- 
sequent on the EBR-I meltdown, ‘it 
became clear that with the proposed 
design of core assembly for Dounreay, 
at quite modest power ratings the 
radial temperature gradients in the 
core were sufficient to cause the fuel 
elements to bow toward the center; 

. the amount of bowing could be 
. . . appreciable.’” The implication 
of this statement (italics are mine) 
leads one to believe that fast-reactor 
specialists of the UKAEA did no theo- 
retical work on the EBR-I meltdown 
and that the redesign of the Dounreay 
reactor core followed as a sole result of 
American work. 

The statement is not entirely correct. 
The UKAEA and USAEC have a close- 
working joint fast-reactor program 
which is advancing the knowledge of 
fast reactors. This joint program is 
now about three years old. 

Insofar as the EBR-I meltdown is 
concerned, the UKAEA did consider- 
able theoretical work on it. Even now 
both the UKAEA and the Argonne 
National Laboratory are working to- 
gether as a team in extending our 
knowledge in the technology of fast 
reactors. 

—Frank K. PirtMan 
Director 
Division of Reactor Development 


U. S. Atomic Energy Commission 
Washington, D. C. 


By Any Other Name . 
DEAR Sir: 


Your December 1958 issue (p. 24) 
describes the ‘‘pressure suppression 
system” of the Homboldt reactor 
(being designed by GE and PG&E) as 
a new departure in power-reactor de- 
sign which would result in substantial 
cost saving. 

The original Elk River reactor pro- 
posal made by AMF early in 1955 in- 
cluded this concept. In that instance, 
it was called a ‘‘ quench tank.” 

~G. I. STABER 
General Manager 


AMF Atomics (Canada) Ltd 
Port Hope, Ontario 


The Rare Good Earth 
DEAR SIR: 
We have read with interest in your 
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Avoid costly failures 
with 


| CURTISS-WRIGHT 
"INSULATION 
__ TESTERS 





Here’s the most effective way 
to forecast insulation break- 
down when it must pass tests 
up to 5000 volts. 


Curtiss-Wright Insulation Test- 
ers—easy-to-carry and battery- 
less—feature multiple voltage 
testing. This method permits 
the plotting of successive read- 
ings On a resistance vs. test 
voltage curve. Then, as the 
slope of the curve becomes 
steeper, preventive action can 
be taken, 

These safe, virtually wear- 
free instruments are widely 
used in manufacturing opera- 
tions and in repair work too as 
the surest way to locate exist- 
ing insulation weaknesses. 





RR eR DORR ie genes 


Write for complete information 
on the full line. 


= ene te), lem 2e,0ii ai. a. Bi EPARTMENT 


ELECTRONICS DIVISIO 


CURTISS-WRIGHT 
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| Jan. ’59 issue (p. 21) the article ‘‘ Red 
China Claims To Be Firmly In Atomic 
Age.” 

Mention is made of the work which 
the Chinese are allegedly doing on the 
rare earths, of which you are aware that 
the Chinese have separated eleven rare 
earths of spectrographic purity equal 
in quality to either British or U. 8. 
products. It is further stated that the 
oxide of europium as separated through 
the Chinese process is reportedly purer 
than the Johnson and Smith products. 

We trust that the article intends to 
convey the thought that the Chinese 
have finally separated the rare earths 
from their own minerals and not that 
they were the first to actually do the 
separation. Not only this company, 

| but several others, have been doing the 
| same thing in recent years although, of 
| course, not using Chinese ore. We are 
| not familiar with “Johnson and Smith 
| products” but assume that the firm of 
| Johnson and Mathey of England is the 
| one referred to. If 99% thulium and 
| 90% lutetium is the best that the 
Chinese have done, we have news for 


| 
| them 
| It was indeed news of the first order 
to learn, if true, that the Chinese have 
the largest rare earth deposits in the 
world. If further 
information on this angle, we would 


they have a long way to go. 


you uncover any 


certainly appreciate it. 
S. B. Treat 
Vice President 
Lindsay Chemical Division 
American Potash & Chemical Corp. 
West Chicago, Illinois 








Coliews 


Starting with next month’s 
issue the LETTERS depart- 
ment will start “‘up front” — 
on page 6. 

If you have an axe to grind, 
or comments of any nature, 
write us. Letters should be 
as brief as possible, yet give 
all pertinent facts. Address 


letters to: 
The Editor 


NUCLEONICS 
330 W. 42nd St., New York, N.Y. 




















The most 
important 
rule at 


C. H. WHEELER 


The emphasis is on engineering at 
C.H. Wheeler. Here you'll find an 
Engineering Department spe- 
cially geared to the development 
of canned pumps, condensers, 
glandless valves, heat exchangers, 
pressure vessels, test loops and 
other products of similar scope. 
Some of these engineers started 
working in the nuclear field 19 
years ago. All are highly-skilled, 
imaginative and creative. Back 
of them is 71 years of engineering 
and manufacturing experience. 
Isn’t this the kind of organiza- 
tion you need to help you out? 
Ask about the engineering, devel- 
opment and manufacturing ser- 
vices now available to consult- 
ants, contractors and industry. 


Serving Industry For Nearly 
Three-Quarters Of A Century 


Atomic Products Division 


C. H. Wheeler Mfg. Co. 


yi¥ 


Atomic Products + Centrifugal, Axial and Mixed Flew Pumps « 
Steam Condensers . Vacuum Equipment 
Marine Auxiliary Machinery 
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PRODUCTS AND MATERIALS 


TRIGGER UNIT 


DETECTOR UNIT 





Omega Designs High-Pressure Loops 


This company and its principals have designed a total of 
eight test loops for reactor design studies and have super- 
vised construction of three of them. Two high-pressure 
test loops (2,500 psi, 650° F) 
sient heat-transfer and fluid-flow characteristics of pres- 


were designed to study tran- 


Pulse-Height Analyzer 

Model PHA-2 single-channel 
height analyzer is capable of operating 
at counting rates >10° cpm without 


cating and 
pulse- 


10, Calif. 





surized-water reactors. One loop was designed and built 
for Columbia University’s heat-transfer research facility; 
the other was designed for General Electrie’s Knolls Atomic 
Power Laboratory (KAPL). 
loops (1,000 psi) have been designed: one, for American 
Machine & Foundry, simulates channels in a boiling-water 


Two medium-pressure test 


reactor to study bubble formation, slip, pressure drop and 
other heat-transfer characteristics; the other, a corrosion 
test loop, was designed to simulate conditions in a General 
Electric boiling-water reactor. Two low-pressure test 
loops were designed for Columbia University. One loop 
has a glass test section to enable photographing boiling 
phenomena in the annulus; the other was designed to study 
temperature distribution and pressure drop in a hexagonal 
channel containing simulated spiral fuel elements. Omega 
has recently designed an all Inconel test loop to operate at 
2,500 psi and 650° F. This loop will be used at KAPL to 
study fluid-flow problems, corrosion of Inconel and various 
mechanical problems associated with control-rod oper- 
ation. <A low-pressure test loop is also now under design— 
for Columbia University to study boiling in rectangular 
channels. The loop is so designed that high-speed photo- 
graphs can be taken of the flow channel. 

Omega also developed and makes detectors (left) to 
indicate incipient burnout in simulated fuel elements in 
heat-transfer test loops. The detector will measure a 
resistance change of 1 part in 200,000 in the fuel element. 
The burnout signal is recorded so that burnout temperature 
can be estimated. The device is capable of detecting and 
supplying a trigger signal in 15 msec to trip the largest of 
d-c, half-cycle, circuit breakers. The trigger can be ad- 
justed over a wide range of calibrating signals.—Omega 
Engineering Co., 70 E. 45th St., New York, N. Y. 


Controller is available in both indi- 
nonindicating models. 
Electronic Processes Corp. of Cali- 


fornia, 2190 Folsom St., San Francisco 


distortion. Input 
amplitude range normally covered is 


PHA-2 is supplied 


with ten-turn continuous controls for 


appreciable data 
0-85 v_ positive. 


window-level (0-100% of range) and 
window-width (0-10% of range) ad- 
differential 
Tullamore 


justments. Integral or 
operation can be selected. 
Electronics Laboratory, 6055 S. Ash- 


land Ave., Chicago 36, Ill. 


Temperature Controller 


Electrol is an electronic, proportioning, 
temperature controller featuring modu- 
lar, plastic-potted plug-in circuits and 
independent control and. indicating ac- 
tions. Controller uses resistance-type 
sensing element with accuracy of indi- 
vation within 2% of scale in ranges up 
to 1,000° F. Control stability under 
steady state conditions is within +!5 % 
of scale range. 

ing action, overshoot is 
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Because of proportion- 


negligible. 


Control Panels 


Custom-made control panels, such as 
those for thermal-conductivity test 
loops, have proportional controllers 
that automatically maintain loop tem- 
controlled 


peratures within closely 


limits. Each controller has additional 
high-limit safety to shut down process 
section if temperatures exceed limits. 
As many as 20 control points can be 
handled from single panelboard. 
Panels conform to JIC standards, are 
oil- and dust-tight and completely self- 
contained, with individual circuit fus- 
ing, contactors and high-limit lock-out 
devices. Provision can be made for 
automatic “loop-dumping”’ or power 
transfer in event of loop-system failure 
or power disturbance. Automatic an- 
nunciator alarms are also available. 

U. 8. Controls, Inc., 161 Grand St., 


New York, N. ¥. 


Drilling Machine 


Carbon-anode drilling machine (above) 
is designed to drill and index 408 holes 
in 30 sec in block of carbon. Operating 
at 12,000 rpm, 99 Keller Tool drills 
bore five series of holes in common 
anode (48 K 19 XK 5in.). Nearly any 
pattern or combination of holes can be 
drilled by machine using this principle 
indexing. 


of lateral and vertical 


Gardner-Denver Co., Quincy, IIl. 


Scaler 


Transiscaler is miniature, portable 
scaler having following features: six 
decades, resolving time of <1 ysec, 
wide-band amplification, digital indica- 


tion, fully transistorized, printed cir- 
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If you sell the 
$3 billion 


nuclear industry. 


PHOTOMULTIPLIER 
POWER SUPPLY 


you ll want a free 


copy of the 


MEW 1999 
MARKET & 


MEDIA FILE! 


DOLLAR VOLUME and 
MARKET POTENTIALS 


What are the prospects for: 
NUCLEAR REACTORS 
REACTOR COMPONENTS 
RADIATION 

EXPORT BUSINESS 


THE 1959 NUCLEONICS MARKET 
MEDIA FILE gives the answers in 
8 fact-packed pages that you will refer 


to time and again throughout the year. 


Send for your free copy today. 


NUCLEONICS 
A McGRAW-HILL PUBLICATION 


330 W. 42nd Street @® 
New York 36, N. Y. @ 
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750-2750V, 25 mA 

10 mv rms ripple 

.5 v regulation for 10% 

line voltage or 50—100% 
load variation 

Magnetic overload protection 
with automatic reset. 


For more information, please contact: 


OLTRONIX, it European Office: 
235 Underwood Drive 
Atlanta 5, Ga. 


122 Angermannagatoan 
Vallingby, Sweden 











VISIT 


NUCLEONICS 
BOOTH 1117 


RADIO 
ENGINEERING 
SHOW 


Coliseum, New York City, 
March 23-26. 


Editors and 
Sales Representatives 
will be in attendance 


®NUCLEONICS ® 


A McGRAW-HILL PUBLICATION 
330 WEST 42ND ST., N. Y. 36, N. Y. 











See us at the |.R.E. Show Booth 2934 
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VIBRATING 
CAPACITOR 


A vibrating-reed type 
capacitance modulator 
for use in measuring 
currents as low as 
10—'® amperes. 


Long term stability for 
process control. Drift 


+0.2 millivolts per 
day, non-cumulative. 


Write for 
Catalog 523. 


STEVENS 


een Sek a am 9) 
ARNOLD 


7 ELKINS STREET 
SOUTH BOSTON 27, MASS. 
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PRODUCTS & MATERIALS 


Department starts on page 130 


cuitry, rechargeable battery, preset 
time and count and weight of ~6 lb. 
ELOMAG SPRL, 2 Avenue Welling- 


ton, Brussels 18, Belgium 


Scaler-Amplifier-Printer 


Model 49-4 SCAMP system offers pre- 
set count from 20 to 10’ and preset 
1,000 min. When 


decimal printer, 


time from 0.02 to 
used with external 


SCAMP 


matic counting svstem. 


provides completely auto- 
If preset time 
is reached, accumulated count date is 
printed; if preset count is reached, 
elapsed time is printed; reset is auto- 
matic. Any number of units can be 
used with single printer; in event more 
than one scaler reaches print cycle at 
same time, scalers will hold and await 
turn at printer.— Radiation Instrument 
Development Laboratory, Inc., 5737 8. 
Halsted St., Chicago 21, Ill. 


Scintillation Fluor 


BOPOB is fluorescent chemical for use 
in scintillation counting. Fluor, p-bis 
[20 (5-p-biphenylyloxazoly]) |-benzene, 
similar to POPOP. Al- 
though its effectiveness as wavelength 
shifter is comparable to that of POPOP, 
mean wavelength of BOPOB is about 
200 A longer.—Pilot Chemicals, 
36 Pleasant St., Watertown 72, 


is chemically 


Inc., 
Mass. 


High-Voltage Supply 

Model 59 is transistorized high-voltage 
supply (above) operating from 6 v d-e. 
Output can be adjusted from 1,000 to 
1,500 v d-e. 
ville, N. J. 


Scintillator Beads 
Plastic called B- 


Jeads, are fabricated from Pilot scin- 


Components Corp., Den- 


scintillator beads, 
tillator B filaments and are contained 
in cylinders ~!3 mm in dia by 's mm 
long to maximize scintillating surface 
while retaining some of “light-pipe”’ 


properties of filaments. B-Beads can 


be poured from container to container, 
remain unaffected by water and lower 
alcohols and can be used in refrigerated 
counting chambers.—Pilot Chemicals, 
Inc., 36 Pleasant St., Watertown 72, 


Mass. 
High-Voltage Supply 


Model SC-64 is designed specifically 


for use in spectrometry. Range is 
500-—2,000 v, and two front-panel con- 
trols permit selection of any voltage in 
Q-2-kv 


voltage being supplied. 


indicates 
Output volt- 
age can be positive or negative with 
respect to the chassis.—Tracerlab, Inc., 
1601 Trapelo Rd., Waltham 54, Mass. 


that range; meter 


Inert-Gas Welder 
Type 742 


(above) is designed for manual or semi- 
Its 
$2-in. dia and lengths from 6 ft; 


inert-gas welding machine 


automatic welding. features in- 
clude 
dual welding positions with glove ports, 

glasses, automatic welding shields, 
lights; 


pumping system; inert-gas backfill sys- 


high-speed, high-vacuum 


tem; adjustable work support table or 
motor-driven, variable-speed work car- 
riage; hand torches or stationary elec- 
trodes with power supplies.—General 
Vacuum Corp., 400 Border St., East 
Boston 28, Mass. 


Polyethylene Plate 


Extruded polyethylene plate up to 48 
in. wide and 1'¢ in. thick, is chemically 
inert to many materials and, at room 


temperature, has tensile strength of 
1,700 psi, modulus of elasticity up to 
19,000 psi and stiffness of 13,000 psi. 
Plate is automatically extruded in con- 
tinuous lengths.—Micarta 
Div., Westinghouse Electric Corp., 


P. O. Box 2099, Pittsburgh 30, Pa. 


unlimited 


Water Demineralizer 


Line of thoroughly field-tested water 
water to 
They 


feature both direct-reading hydroion 


deionizers can convert raw 


<0.5 ppm total dissolved solids. 
meter (calibrated in ppm and micro- 
mhos conductance) and one-handle con- 
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COMING 


IN MAY 


BIG, COMPREHENSIVE BUYERS* GUIDE 
at suggestion of U. S. Atomic Energy Commission and E-U-R-A-T-O-M 


Euratom nations plan to let contracts on six power reactors in 1959. To assist the writing of 
specifications for submission of bids, NUCLEONICS will incorporate in the up-coming May issue, a 
DIRECTORY or BUYERS' GUIDE of products going into these reactor facilities. 


Besides listing of items and their manufacturers, the GUIDE will give technical characteristics 


of the products—a most useful service. 


/ NUCLEONICS aid has permanent reference value. 


Your own file will save many hours of effort. 


‘ Your own copies give you new developments 


speedily; no waiting or hasty reading as with 
routed or library copies. 


/ Your own copies can be marked, cut or used 


EASE PRINT 


P I 


as you see fit, without inconvenience to others. 


Your own copies guard against your missing de- 
tails of important new developments affecting 
your work. 


SIMPLY MAIL COUPON BELOW 


NOTHING TO PAY NOW 
We will bill you after entry. Pay with 
order only if you prefer to do so. 


NOTE TO PRESENT SUBSCRIBERS 
This is not a notice for renewal if you are already 
subscribing. Card is intended only for new 
subscriptions. We shall appreciate your passing 
along this insert to one of your associates who 
might profitably subscribe. 

NUCLEONICS, March, 1959 


Enter my new NUCLEONICS subscription... 
Include U.S. AEC-E-U-R-A-T-O-M BUYERS’ GUIDE as part of service 


[] FOR ONE YEAR, $8 
SEND BILL LATER 


Name: 


Business Address: 
Home Address: 


City: 
Company Name: 


Nature of Nuclear Business 
or Service 


[-] FOR THREE YEARS, $16 
HERE'S THE MONEY 


Position 


MAIL AT ONCE... to start service promptly. 


Foreign Rates (1 year) Canada $10, Latin America $10, Other $15 ———__. 











This Special Card’ 


is your new subscription invitation 


Reflecting the startling growth of the publication's field, NUCLEONICS in seven short 
years has gained the enthusiastic support of over 20,000 subscribers in all parts of 
the world. We invite you to join them. 


Your own copy of NUCLEONICS each month insures your being in close, 
prompt contact with what is new and important affecting Nuclear Research; 
Nuclear Technology; New Uses of Radiation in the Sciences and Industry; 
Radiation Protection; Radiation Waste Disposal; Health Physics; Instru- 
mentation; Atomic Power Progress; Reactor Technology; New Materials; 
New Equipment; New Publications; International Commercial Alliances; 
Atomic Power Politics—the shifts and changes—the facts behind the news. 


SEND NO MONEY - - - See other side for handy coupon 


* Please note that offer is for new subscriptions only. 
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Just Published 


MATERIALS FOR 
NUCLEAR REACTORS 


A systematic treatment of the atomic fuel 
cycle and of the preparation, propertios, 
and behavior of the important materiais 
ll in reactors. Describes the beneficiation, 

! : purification, and conversion to metal or 
Pi ee Gua : oxide of uranium and thorium ores, an 
, an aa. 3 their fabrication into fuel elements. Also 
v ' * discusses testing and evaluation, stability 
; or instability of the fuel to irradiation, 


, el, etc. 
mical processing of the spent fuel, ¢€ 
— ft Syiv ania-Corning 


f 
. nt +. A Kopelman, 
: =f Edited oye. est! pp. illes., $12.00. 
aa Es ‘ , . 
‘ Just Published 


CREEP OF 
ENGINEERING MATERIALS 


Combines the fundamentals of material 
behavior with ienportant, a 
to design roblems, and supplies @ 
- Ry ~~ on the advantages 
and limitations of different materials 
which undergo creep. From showing 
the basic methods of measuring creep 
to pinpointing specific, clevated-tem- 
perature problems encountered Z m- 
i i , ‘ al facts and informa- 
wna —_— —_ pl ds rong Ae on this subject 
are provided. By ie i tL 
| ) ili i f i both of She evel- 
Large tandem rolling-mill installation (above) for production of fuel elements con- tam Heller, och {Shell Devel; 


sists of three tandem mills, one four-stand and others two-stand. Installation was tables, $11.50. 
engineered and built for production rolling of fuel-element plates with complete 
automation. Four-stand is Model 122 two-high mill with 12-in.-dia rolls; two- 
stand mills are Model 4-122 four-high with 314-in.-dia work rolls and 12-in.-dia 
back-up rolls that are work-roll driven. All three mills have integral material- 








handling equipment that automatically conveys fuel-element plates between each | 
stand with sufficient force to insure roll bite while accurately guiding plates to | 


Other books just published 


minimize camber and maintain finish. Each stand has separate d-c drive and | VACUUM-TUBE AND 

high-powered dual-motor screwdowns and is equipped with automatic lubricating | SEMICONDUCTOR ELECTRONICS 

and internal roll-cooling systems supplied from tanks self-contained within heavy | Covers both internal physical behavior 
‘ . é ; ; " on _ ° . . ‘ and external circuit characteristics. By 

stress-relieved welded steel beds.—The Fenn Manufacturing Co., Fenn Rd., | {7 Millman, Columbia Univ. 6 

entustin: Mhuie | 7 illus., $10.00. 


ANALOG SIMULATION 


Techniques and systems for solving field 
, ae 4 : : . re | problems. By Walter J. Karplus, U 
trol valve. Deionizer is designed with accommodate solid, liquid or powder | Calif., L.A.; Engineering Analysis, 
; . she Gts. : ‘ ; ; | 434 pp., illus., $10.00. 
capacity safety factor of 20% or more. specimens up to 2-in. dia, and thickness 9O- Hien. & 
Carma Manufacturing Co., 1879 can vary from ';¢ in. to lin. Speci- | PRINCIPLES OF MODERN PHYSICS 
Mullin Ave., Torrance, Calif. men chamber contains 2ceptacles, | Gives you a sound foundation for work 
en hamber contains two receptac les. | in apglied ghveies. Sy Mebese ©, Lalgh- 
X-ray tube has tungsten or molybde- -_ aS of Technology. 795 pp., 
° ° | wUhus., ° le 
num target, beryllium window and 


maximum rating of 2.5 kva, 50 ma.—| ELECTRICAL MEASUREMENT ANALYSIS 


hiling Electronics . TEAS BF Basic methods, concepts, and techniques for 
Philips Electronics, Inc., 750 8. Fulton | problem solution. By Ernest Frank, The 


Ave., Mount Vernon, N. Y. a Washington Univ. 443 pp., illus., 


Recorder 
FREE EXAMINATION 


| McGraw-Hill Book Co., Dept. Nu-3 

327 W. 4lst St., N.Y.C. 36 

Send me book(s) checked below for 10 days’ 
examination on approval. In 10 days I will 
remit for book(s) I keep plus few cents for 
delivery costs, and return unwanted book(s) 
posipaid. (We pay delivery costs if you re- 
mit with this coupon—same return privilege.) 
0 Kn Mat. for Nuclear Reactors, 


Electronic strip-chart recorder with 
continuous integration measures, re- | 
cords and continuously totalizes any 
linear variable with respect to time. 
Readout of quantitative integration is 
on six-digit electric counter at rates of 
up to 1,000 cpm; recording of qualita- 
100-kvy X-ray spectrograph (above) _ tive or analog equivalent is on a chart 
covers range of 87 elements from mag- graduated in units and tens by dual 
nesium (Z = 12) to californium (Z = ___ pipping pen at maximum rate of 500 
98). Intensities are measured by scin- strokes per minute. Readout can be 
tillation or proportional counters. adapted to digital or data-handling 
Readout time per analysis ranges from systems by substitution of contact- = Ma weyers 

10 sec to 15 min per element, depending making counter. Full-scale travel of cong F Pn eehaphebe ag 

on concentrations. Specimen holders — the recording pen requires 2sec. Avail- | [write McGraw-Hill Int'l, N-Y.C. WN 
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X-Ray Spectrograph 


oO aay Vac.-Tube & Semicond. Elec., 
10.00 

) Karplus—Analog Simulation, $10.00 

{) Leighton—Prin. of Modern Physics, $12.50 

|) Frank—Elec. Measurement Analysis, $8.75 

(PRINT) 

Name 

Address 


| 

| 

| 0 

| oO Fast RY Heller—Creep of Eng. Mat., 
| 

| 

| 
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SCINTILLATOR B 


greatest pulse height- 
Shortest decay time! 


Pilot Scintillator B is the only plastic 
scintillator containing diphenylstil- 
bene ...developed and patented* 
by, and available only from Pilot 
Chemicals, Inc. It has the greatest 
pulse height (90% that of a stilbene 
crystal), and shortest decay time 
(3 x 10-9 seconds) of any commercial 
plastic scintillator. Available in a 
wide variety of shapes and sizes — 
from sheets 0.0005” thick to 16” x 12” 
cylinders. Machinable to virtually 
any design. 


SCINTILLATION GRADE FLUORS 


Extremely high purity; maximum light output, * 


high melting point. Among the more popular 
Sfluors always in stock: Diphenyloxazole, 


Alpha-NPO, POPOP, PBD 


Do need a special scintillation plastic or 
fucrt Write us for help! Send for Bulletin 
1. 


O04 


CHEMICALS, INC. 


36 Pleasant Street, Watertown 72, Mass. 


*U.S. PATENT #2,710,204 
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|PRODUCTS & MATERIALS 
Department starts on page 130 
| 
| able chart-record speeds are 30, 60, 90 
jand 120in./hr. Recorder has live zero, 
|permitting overtravel below zero 
| line. Accuracy of integrator, which 
is equipped with stroboscope for 
|calibrating purposes, 
|combined accuracy is +1% or better. 
Brown Instruments Div., Minn- 
eapolis-Honeywell Regulator Co., 
Wayne & Windrim Aves., Philadelphia 
44, Pa. 


is + 0.5%; 


Protective-Clothing Material 


exclusive formulation of 
It is produced in rolled 


Lead-X is 
vinyl! and lead. 
sheeting and made into radiation-pro- 
tective aprons and other products. 
Features include 10% lighter weight 
than lead rubber for the same lead 
equivalent, uniform density through- 
out, flexible and acid and 
alkali resistant, no change after expo- 


pliable, 


sure to 10° r, density of 4.60 and tensile 
strength of 1,400 psi—Bar-Ray Prod- 
ucts Inc., 209 Twenty-fifth St., Brook- 
lyn 32, N. Y. 


Ultrasonic Cleaner 


Low-frequency ultrasonic cleaner con- 
sists of generator delivering 60 watts 
average and 240 watts peak to crystal 
transducers mounted on 1-gal stainless- 
steel tank.—Alcar Instruments, Inc., 
17 Industrial Ave., Little Ferry, N. J. 


Level Gage 


Model 40105 predetermined level gauge 
indicates presence or absence of liquid 
at preset sensitive to 
changes of a few mils. Scintillation 
detector outside tank detects and re- 
cords strength of radioactivity of source 
that is on horizontal plane with detec- 
tor at desired level. Source can be 
either inside or outside tank.—Radi- 
ation Counter Laboratories, Inc., 5121 
W. Grove, Skokie, Il. 


level and is 


Literature Available 





Subject Length 





| Systems analysis, 4 pp. 

| design and devel- 

opment 

| Uranium-refining and 28 pp. 
fuel-fabrication 

| facilities 

| Multichannel pulse- 1 p. 

| height analyzers 


| lon-exchange resins 
Ion exchanger 


ing”’ reprint 
“How to Appraise 


| Ultrasonic cleaning 


Cleaning” 
‘How to Build It” 


Radiation-detection 
instrument cali- 
bration 

C" breath analysis 


Counting tubes 





| Fuel-element-fabri- 
cation services 
and capability 

Organic moderators 


Ductile vanadium 
reprint 





Ask for 


“Computing Center”’ 


“Nuclear Division” 


“Let’s Analyze the 
Situation” 


“Chemical Engineer- 


Sonic Energy 


‘“‘A New Health Phys- 


ics Service” 


Data Sheet IC 4001 


“Nuclear Fuels and 
Components” 


“Radiation Resistant 
Fluids” 
“Journal of Metals” 


From 


Tammen & Denison, Inc., 
650 8. Clark St., Chicago 
5, Ill. 

DEGUSSA, Weissfrauen- 
strasse 9, Frankfurt 
Main, Germany 
Radiation Instrument 
Development Labora- 
tory, Inc., 5737 8S. Halsted 
St., Chicago 21, II. 
Illinois Water Treatment 
Co., 840 Cedar St., Rock- 
ford, Ill. 

Pioneer Central Div., 
Bendix Aviation Corp., 
Davenport, Iowa 
Tracerlab, Inc., 1601 
Trapelo Rd., Waltham 
54, Mass. 

New England Nuclear 
Assay Corp., 575 Albany 
St., Boston 18, Mass. 
Baird-Atomic, Ine., 33 
University Rd., Cam- 
bridge 38, Mass. 
Sylvania-Corning Nu- 
clear Corp., Bayside, 

ey 

Monsanto Chemical Co., 
St. Louis 24, Mo. 
Vanadium Corp. of 
America, 420 Lexington 
Ave., New York 17, N. Y. 
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Subje ct 


Organization, prod- 
ucts and facilities 


Training equipment 


Mass spectrometer 


Boiling-water reactor 


Radioisotope uses 


Interferometers and 
dilatometers 


Cast monel, nickel 


Ultrasonics R & D 


Ultrasonic welding 


256-channel analyzer 


thickness gage 


B-ra\ 
Stainless fittings 


Nuclear-engineering 
design, consulting 

Metallurgical 
processing 

Electron accelerator 

Radiography 

X-ray primer 

2-Mv x-ray unit 

Laboratory 


appliances 


Moisture determina- 
tion 


Instrument cali- 
bration 


Instrumentation 
applications 


Alloy tubing and pipe 


Tantalum 
production 


Polyphenyls 


Length 


36 pp. 


8 pp. 


4 pp. 


16 pp. 


4 pp. 
8 pp. 


5 pp. 


4 pp. 
86 pp. 
24 pp. 
8 pp. 
5 pp. 
24 pp. 
52 pp. 


4 pp. 
1028 pp. 


3 pp. 


8 pp. 


9 pp. 


4 pp. 


4 pp. 


“Expands in the 
Chemical Indus- 
try”’ 


Bulletin N-11 


Bulletin 1843A 


‘* Atoms for Peace” 
Bulletin JK 


Brochure 140-58 


Bulletin ENR 


“Tron Age” reprint 
Bulletin 118 


“The Counter,”’ 
Vol. 5, No. 1 


“ReCap,”’ Vol. 2, 
No. 4 

“Stainless Steel 
Fittings” 
‘‘Noratom A/S” 


“Precision Metal- 
lurgical Services” 
Pub. 7A-3655B 
Pub. 8A-3637 
Pub. 8-3530 

Pub. 8A-3677 
Catalog 59 


Report 22.58 
“Calibration Unit” 
** Modern 
Precision” 


Bulletin TD-125 


‘Chemical Week” 
reprint 


‘* Radiation-Resist- 
ant Fluids” 


From 


How to detect and 


measure 0,4, 7 


U. 8S. Industrial Chemi- 
cals Co. Div., National 
Distiller & Chemical 
Corp., 99 Park Ave., New 
York 16, N. Y. 
Nucleonic Corp. of 
America, 196 Degraw St., | 
Brooklyn 31, N. Y. 
Consolidated Electrody- | 
namics Corp., 300 N. Sierra | 
Madre Villa, Pasadena, 
Calif. 

Allis-Chalmers Mfg. Co., 
Milwaukee 1, Wis. 
Tracerlab, Inc., Richmond, | 
Calif. 

Gaertner Scientific Corp., 
1201 Wrightwood Ave., 
Chicago 14, IIl. 

Stainless Foundry & Eng. 
Co., 5132 N. 35th St., 
Milwaukee 9, Wis. 
Aeroprojects, Inc., West 
Chester, Pa. 

Sonobond Corp., 310 E. 
Rosedale Ave., West 
Chester, Pa. 

Radiation Counter Lab., 
Inc., 5122 W. Grove St., 
Skokie, IIl. 

Fansteel Metallurgical 
Corp., North Chicago, IIl. 
Ladish Co., Cudahy, Wis. 


Choose one of these three combinations 
for a compact, economical, all-purpose 
| laboratory . . . 


0 +@O...oFr 
0+@0...or 
0:+0:+9 





PROPORTIONAL 
COUNTING 
SYSTEM 


(PC-3A) 
$1295.00 


Precision detection and counting of alpha and beta 
| gamma activity in prepared samples. No window 
| absorption. Full 2 pi geometry. Sample analyzed 
| directly inside detecting chamber. High voltage and 

scaling systems operate with US-1 and SC-1 shown 
| below. Accessories optional. 


R2) 


UNIVERSAL 
SHIELD 
(US-1) 


; $395.00 
Noratom A/S, 16 Cort 


Adelersgt, Oslo, Norway 
Hamilton Watch Co., 
Lancaster, Pa. 

General Electric Co., 
4855 W. Electric Ave., 
Milwaukee 1, Wis. 


| Detects gamma and beta-gamma activity in prepared 

| flat samples. Beta-gamma G-M detector furnished. 
Also accepts gamma scintillation detector, mylar 
window G-M flow detector, and strip chromatograph 
scanner. Operates with PC-3A. 


WELL-TYPE 


SCINTILLATION 
COUNTER 


(SC-1) 
$980.00 


Fisher Scientific Co., 

633 Greenwich St., New 
York 14, N. Y. 
Schlumberger Well 
Surveying Corp., Ridge- 
field, Conn. 

Tracerlab, Inc., 1601 
—" Rd., Waltham 54, | Detects low-level gamma activity in test tube type 


| samples. Also takes flat type samples. All-transis- 
Leeds & Northrup Co., torized amplifier. Works with any scaler. Operates 
4934 Stenton Ave., 


| with PC-3A. 
Philadelphia, Pa. 
Carpenter Steel Co., 
Union, N. J. 
National Research Corp., 
70 Memorial Dr., Cam- 
bridge 42, Mass. 
Monsanto Chemical Co., 
St. Louis 24, Mo. 


| WRITE FOR CATALOG OR PHONE COLLECT 


Nuclear 

Measurements 
2460 N. Arlington Ave 

Corp. vo oon 


Phone: Liberty 6-2415 


INDIANAPOLIS 18, INDIANA 


| International Office: 13 €. 40th St., New York 16, N. Y. 
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OFFERS THE FINEST 
PROPERTY VALUES 
FOR FINER PRODUCTS 


@ Absolute Chemical 
Purity 

@ Extreme Heat 
Resistance 


@ Thermal Shock 
Resistance 


@ Chemical inertness 


@ Outstanding Electrical 
Properties 


@ Full Range Radiant 
Energy Transmission 


In laboratories and other 
applications where critical 
requirements must be met, 
there is no room for second 
best. Vitreosil 
properties of greatest value 


possesses 
for: ultra-violet applica- 
tions, metallurgical investi- 
gations, chemical research, 
photochemistry, spectrosco- 
py, and many uses in phys- 
ical, optical and electrical 
research as well as prod- 
uct operations. 


Vitreosil is available in an 
unusually wide variety of 
types and sizes—Or, we'll 
be happy to fabricate to 
your specifications. Write 
us about your requirements 
today. For your conven- 
ience, use the coupon be- 
low. See our ad in Chemical 
Engineering Catalog. 
THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 
18-20 Salem Street 


Dover, New Jersey 


Please send technical data on 














Zone State 


Beavwew ea = ae ee 


INDUSTRY NOTES 





*Nuclear Science and Engineering 
Corp., Pittsburgh, has cut by 20% the 
price of its carrier-free manganese-54 
and has added cerium-139 and cobalt-57 
to its list of stock radioisotopes; the 
price cut for Mn** stemmed from a 
production breakthrough permitting 
greater output, NSEC said. 


® Union Carbide Corp. has changed 
the name of division Electro Metal- 
lurgical Co., to Union Carbide Metals 
Co. The division produces zirconium 
and other nuclear-industry 


NEW FIRMS. 
energy consultation to industrial man- 
agement, Arthur V. Peterson Associ- 
ates, the 
president ol name at 


metals. 


To provide atomic 


founded by former vice- 
that AMF 
Atomics; headquarters are at Westport, 
. . Houston Instrument Corp., 
to produce lab equipment and special- 


Conn. 


ized instruments for the petroleum and 

the lab instru- 
headed by Jack 
a former director of the Bio- 
S. Naval 
Calif. 


chemical industries; 


ments division is 
Yieser, 
Med Support Group at the U. 
Radiological Defense Lab 


SALES-AGENCY NEWS. New 
agent for Ball Bros. Research Corp. in 
the sale abroad of geophysical and 
prospecting equipment is Tracerlab, 
Waltham, Mass. . . . Radiation Coun- 
ter Laboratories, Skokie, I[ll., has ap- 
pointed Hyde Electronics, Denver, as 
representative in Montana, Wyoming, 
southern Idaho, Colorado, Utah, New 
Mexico, western Kansas, and E] Paso, 
Tex. . . . Sylvania-Corning Nuclear 
Corp. appointed John Mather 
Lupton Co., New York City, to handle 
advertising and public relations. : 
J. M. Tull Metal & Supply Co., Atlanta, 
is new sales agent for Fansteel Metal- 
lurgical Corp. in the southeastern U.S. 
Alabama North and 


South Carolina for metals, fabrications 


has 


Georgia, and 
and alloys; and in Georgia, Florida and 
North and South Carolina for chemical 
equipment). . . . Charles Walsh As- 
sociates, Deerfield, Ill., is 
sales agent for the nuclear-shielding 
products of Ameray Corp., Kenvil, 
N. J., and for the photomultiplier and 
secondary-emission tubes of Britain’s 
EMI Electronics. 


EXPANSIONS. Into one “ 
new plant” in North Wales, Pa., have 
moved both Associated Valve Co., 
Chicago, and Marine & Industrial 
Products Co., Philadelphia, in a coordi- 


midwest 


spacious 


nation of manufacturing and marketing 
facilities. . . . Hoffman Electronics 
Corp. has established a science center 
under Lloyd T. Devore, with tempo- 
rary facilities at Santa Barbara, Calif.; 
a permanent facility will be built in the 
. . Atomic Associates, Ja- 
maica, N. Y., has opened a Chicago 
office to serve the entire Mid-west area: 
manager is William B. Rivkin. 


vicinity. . 


NEW BUSINESS. To Controls for 
Radiation, Cambridge, Mass., has gone 
a U.S. Army Chemical Corps contract 
for development of a tactical personnel 
dosimeter. . National 
Laboratory has given Leeds & Northrup 
a $630,000 contract for complete instru- 
mentation and control of the Experi- 
mental Breeder Reactor No. 2 (EBR-2). 

. Nuclear Science and Engineering 
has been retained by Duquesne Light 


Argonne 


Co. as a specialized consultant on 
operational and maintenance problems 
of the 
Brookhaven National Laboratory has 
given Nuclear Development Corp. of 
America a contract to conduct graphite 
irradiation experiments in AEC’s Mate- 
rials Idaho. 

Sylvania-Corning Nuclear has won a 
contract to refuel the Army’s Package 
feactor, Ft. Belvoir, Va.; the 
contract covers 38 fuel elements. 


Shippingport reactor. 


Testing Reactor, 


Power 


FINANCIAL. 
warding year since entering the nuclear 
field, General Dynamics said 1958 
earnings that its 
operations would go into the black some 


Reporting its most re- 


indicated nuclear 
time before its earlier prediction of 
1963 Also optimistic off of last 
year’s activity is Clevite Corp., Cleve- 
land; 
more than 900 kg of highly-enriched 
1958 added: 


‘* Based on current inquiries we expect 


Clevite reported fabrication of 


uranium during and 
a sharply increased volume of business 
in 1959.” . . . Aerojet-General Corp., 
whose common stock was admitted to 
trading on the American Stock 
change in December, reported net of 


ix- 
$4,514,355, or $1.04 per share, for the 
ten months ending Sept. 30, 1958. . . 
One of the country’s largest lithium 
producers, American Potash & Chemi- 
cal Corp., expects an 8% increase in 
sales during 1959; the firm also produces 
thorium, yttrium and other rare earths. 
President Peter Colefax predicts the 
development of ‘‘significant new uses”’ 
for lithium in view of the current “am- 
ple supply.” 
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NUCLEAR CAMPUS | 


® The First National Youth Confer- 
ence on the Atom, sponsored by the 
Electric Companies Public Information 
Program, will be held Apr. 30-May 1 
at Atlantic City’s Claridge Hotel. The 
aim is to impress high school science 
students and teachers with the poten- 
tial of the peaceful atom, and an im- 
pressive list of speakers has been 
arranged. They include: AEC Chair- 
man John McCone; Norman C. Hil- 
berry, director of Argonne National 
Laboratory; Cyril Comar, Cornell 
Univ.; John Laughlin, Sloan-Kettering 
Institute for Cancer Research; Francis 
K. McCune, vice-president of General 
Electric; and Charles H. Weaver, vice- 
president of Westinghouse. 


Courses 


Six summer institutes on nuclear 
energy for engineering educators will be 
sponsored this summer by AEC and 
the American Society for Engineering 
Education. Five are for teachers in 
engineering colleges, the sixth for 
teachers in technical institutes. Two 
basic institutes, which require no spe- 
cial bac age in nuclear energy, will 
be held June 22—Aug. 14, one at North 
Carolina State College and Oak Ridge 
National Laboratory and the other at 
Cornell Univ. and Brookhaven Na- 
tional L iboratory. Three advanced 
courses are scheduled as follows: Reac- 
tor operation and design, Univ. of 
Michigan; specialized nuclear studies, 
Argonne National Laboratory; and 
chemical -_—s—- Hanford Labora- 
tories (all June 22-Aug. 14). The 
course for technical-institute teachers 
will be held at Penn State Univ. (June 
29-Aug. 7) and Argonne (Aug. 10-21). 
Apply to deans of engineering of ASEE, 
Univ. of Illinois. 

Penn State is offering a seminar on 
reactors and radioisotopes, June 1—26, 
for an understanding of both potential 
and limitations of radiation applica- 
tions in research and development and 
to give a familiarity with research 
reactors 

Sanitary engineering aspects of nu- 
clear energy is available May 4-15 at 
fobert A. Taft Sanitary Engineering 
Center, Cincinnati; gives broad train- 
ing in radiological health problems. 

The United Kingdom Atomic Energy 
Authority is offering reactor control 
and instrumentation at Harwell, July 
7-17. Primarily for those with a spe- 
cial interest in the subject, the course 


is open to U. K. and foreign students. | 
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here is the world’s smallest and simplest 
strip chart recorder! 


rust-rak 
| recorder $§9°°° 


i. FOR 1 MADC 
Ld} dda 


AMPLE STORAGE: Contains 63-ft. chart roll, or 31 days’ recording at one 
inch per hour. Useful chart width 2%”. 


ACCURATE: Galvanometer pointer swings free for maximum accuracy, 
being clamped briefly for marking. 

INKLESS: Recording process is completely dry, utilizing special pressure 
sensitive paper. Method provides remarkable definition. 

RECTILINEAR: Advanced design provides true rectilinear recording free 
from distortion. 

RELIABLE: Positive synchronous motor drive with sprocket engaging 
holes in paper for accurate time indication. 

VERSATILE: Portable or panel mounting models. Stocked in a variety of 
scales and chart speeds. 


WRITE TODAY FOR LITERATURE 


* j + H i 
“alse tinon FUSt industrial co., inc. 
notice. 130 Silver Street, Manchester, N. H. 


Provide instant 

relief with... H AWS 
EMERGENCY EYE and 
FACE WASH FOUNTAINS 


Eye and face hazards are inevitable in 
industry ...so take positive steps to reduce the 
extent of injury and minimize insurance claims. 
HAWS Emergency Eye and Face Wash Fountains 
flood contaminated areas with water — instantly 
ridding face and eyes of caustics, chemicals and dan- 
gerous particles. This instant relief may well pre- 
vent permanent damage — bridging the gap until 
medical aid arrives. Install extra safety — HAWS 
Emergency Fountains and Drench Showers. 


Write today for detailed infor- 
mation on the complete HAWS 
line of emergency facilities. HAWS 
DRINKING FAUCET COMPANY, 1443 
Fourth Street, Berkeley 10, Calif. 


Model 8933: 
Face spray ring acts simultaneously 
with eye-wash, sending controlled 
streams of water from specially de 
signed twin fountain heads 








NEWSMAKERS 


Hanson Blatz, radiation chief at AEC’s 
Health and Safety Laboratory, New 
York City, has left AEC to take over 
the new radiation-control program of 
NYC’s Health Dept. (NU, Oct. 58, 31). 
Blatz has also been appointed an associ- 
ate professor at New York Univ. 


A former staff member of AEC’s San 
Francisco Operations Office, Delmar 
Morris, has returned there as deputy 
manager to Ellison C. Shute. Morris 
was budget director and a 
administrator in San Francisco before 
he joined the Division of Reactor De- 
velopment in Washington in 1955. He 
served under W. Kenneth Davis and 
his successor, Frank Pittman, directors 
of the division. 


contract 


Kaman Aircraft has appointed Frank B. 
Gray, Jr. to the senior research staff of 
its nuclear div., 
Albuquerque, N. M. 
Gray will direct the 
firm’s introduction 
of a miniature neu- 
tron-source tube for 
use in the reactor, 
oil-well logging and 
research fields. 
The tube is one of 
salt the products to be 
produced at Colorado Springs, Colo., 
when the division moves to new quar- 
ters there early in the summer (NU, 
Feb. ’59, 122. 
Walter Muller, co-inventor of the 
Geiger-Muller counter, has joined the 
Lenkurt Electric Co., Carlos, 
Calif., as a senior member of the ap- 
plied research staff. Muller was work- 
ing in Australia with Vladimir Vodicka, 
another new Lenkurt staff member, be- 


San 


fore joining Lenkurt. 


The atomic energy div., Phillips Petro- 
leum, has taken on six new employees: 
Peter D. Randolph, physicist, Mate- 
rials Testing Reactor; Martin R. Bomar, 
corrosion chemist, Idaho 
Processing Plant; Lawrence Lakey, de- 
sign engineer, CPP; Hillis L. Griffin, 
assistant technical librarian; and Clyde 
E. Neff and Thomas N. Welch, health 
physicists. 


Chemical 


Frank D. Carvin, recently retired direc- 
tor-professor at Illinois Institute of 
Technology’s mechanical engineering 
dept., has joined Stephen F. Malaker 
Associates as senior associate. 


140 


An 11-year H. K. Ferguson Co. veteran, 
Raymond B. Aufmuth, has been pro- 
moted to chief engi- 
neer, to direct and 
coordinate all engi- 
neering activities of 
Ferguson’s world- 
wide operations. 
Aufmuth has held a 
variety of posts 
with the firm, in- 
cluding a 1954-56 
stint as chief engi- 
neer of H. K. Ferguson of Great Bri- 
tain; most recently he was a staff 


Aufmuth 


engineer at company headquarters, 


Cleveland. 


Miles Cary, vice president, Virginia 
Electric Power Co., been 
elected chairman of the steering com- 
Virginia Nuclear 
Power Associates, Inc. Simultane- 
ously, VEPCO’s William N. Thomas 


has been appointed nuclear engineer in 


and has 


mittee, Carolinas 


the firm’s system planning and research 
dept., assigned full-time to the engi- 
neering director CVNPA. 


Board Chairman Sam Norris, Nuclear 
Corp. of America, has gone into part- 
time government service without com- 
pensation as consultant to the director 
of electronics of the Business and De- 
fense Administration, Com- 
merce Dept. He will advise BDSA on 
nucleonics-apparatus and electron-tube 


Services 


matters. 


Queen Juliana of The Netherlands has 
appointed E. L. Kramer director of the 
country’s reactor center; Kramer was 
director for industrialization at the 
Ministry for Economic Affairs. 

The U. §S. Junior Chamber of Com- 
merce has named a Univ. of Michigan 
physicist, Donald A. Glaser, one of its 
‘ten outstanding young men” of 1958. 
Glaser, 32, invented the bubble cham- 
ber—-liquid-state analog of the cloud 
chamber. Another of the “ten” is 
Lt. Shepherd M. Jenks, navigator of 
the Nautilus on its trip across the 
Arctic. 


Former Congressman John J. Allen, Jr. 
(R-Cal.), has been appointed Under 
Secretary of Commerce for Transporta- 
tion, under Lewis L. Strauss. Allen, 
a former member of the House Mer- 
Committee, will be 


chant Marine 


Strauss’ chief advisor on federal trans- 


portation policy, and will have super- 
vision over the Maritime Administra- 
tion, a Commerce Dept. agency. 


Laura Mary Cheng, formerly of Shang- 
hai, China, has joined the radiological 
physics staff of the U. 8. Naval Radio- 
logical Defense Laboratory, San 


Francisco. 


In another top management develop- 
ment, Lovis A. Carapella has been 
elected a vice-president of Sylvania- 
Corning Nuclear Corp. Carapella has 
served in various executive capacities 
with two steel firms, the Mellon Insti- 
tute of Research, Westinghouse and 
Continental Can, and as a consultant 
to Babcock & Wilcox. 


The 31l-institution Associated Midwest 
Universities (AMU) has selected John 

H. Roberson to 
AMU as 
director. 


manage 
executive 
Roberson was most 
4 recently manager 
of AEC’s Dayton 
Area Office; he has 
been director of re- 


a> < 
a 4 search and medi- 
cine, Oak Ridge 


Roberson National Labora- 
tory, and executive officer of AEC’s 
Division of Research. He has degrees 
from the Univ. of Chattanooga and the 


Univ. of Wisconsin. 


A recent addition to the nuclear engi- 
neering staff of Atlantic Research Corp. 
is Dale A. Brandreth, formerly of Air 
Products, Inc. 

In two executives changes at Vitro 
Corp.: Richard C. Cole has been named 
president of Vitro Uranium Co. and 
William B. Hall, his predecessor, has 
been elevated to vice-president of the 
parent firm for chemical and metal- 
lurgical operations. 


Vard, Inc., has named Jack M. Cherne 
director of engineering, succeeding the 
late Walt Schindler; Cherne joined 
Vard from Hughes Aircraft. 


Vincent P. Guinn, radiochemist at Shell 
Development Co., has joined the teach- 
ing staff for AEC’s new “‘radioisotopes 
for industry” course, Oak Ridge—on 
temporary leave from Shell. 
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NUCLEAR CALENDAR 


March 14-15—Fourth Annual Meeting 
of Southwestern Society of Nuclear 
Medicine, New Orleans (Roosevelt). 
Contact Samuel B. Nadler, 1520 
Louisiana Ave., New Orleans 15. 


Mar. 31—Apr. 1-2—21st American Power 
Conference, Chicago (Sherman). 
Contact R. A. Budenholzer, Mechani- 
cal Engineering Dept., Illinois Insti- 
tute of Technology, 3300 Federal St., 
Chicago 16. 


Apr. 2-3—Conference on Electrically 
Exploded Wires, sponsored by the Air 
Force Cambridge Research Center, 
Boston (Somerset). Contact W. G. 
Chace, Thermal Radiation Lab, 
CRZCM, Geophysics Research Di- 
rectorate, AFCRC, Bedford, Mass. 


April 5-10—5th Nuclear Congress and 
Atom Fair, Cleveland (Public Audi- 
torium). Contact T. A. Marshall, 
Jr., Engineers Joint Council, 29 W. 
39th St., New York 18. 


Apr. 5-10—American Chemical Society’s 
135th national meeting, Boston (sev- 
eral hotels). Contact Otto H. York, 
Otto H. York Co., West Orange, N. J. 


Apr. 27-30—International Symposium 
on the Physical Chemistry of Process 
Metallurgy, sponsored by Metallurgi- 
cal Society of the American Institute 
of Mining, Metallurgical and Petro- 
leum Engineers, Pittsburgh. Con- 
tact J. F. Elliott, Mass. Institute of 
Tech., Cambridge 39, Mass. 


First National Youth 
the Atom, Atlantic 
Speakers include AEC Chair- 

John MecCone and Norman C. 
Hilberry, director of Argonne National 
Laboratory (see page 139). Contact 
Bozell & Jacobs, 2 W. 45th St., N. Y. 

36 


Apr. 30-May 1- 
Conference on 
City 
man 


May 6-8—1959 Electronic Components 
Conference, sponsored by Institute of 
Radio Engineers, American Institute 
of Electrical Engineers, Electronic In- 
dustries Assoc. and West Coast Elec- 
tronic Manufacturers Assoc., Phila- 
delphia (Benjamin Franklin). Papers 
on instrumentation and control de- 
vices and radiation effects. Contact 
Bernard Osbahr, Electronic Indus- 
tries, Chestnut & 56th Sts., Phila- 
delphia 39. 


May 11—14—Management Conference of 
Organization of European Economic 
Cooperation on Industrial Prospects 
for Nuclear Energy, Stresa, Italy 
(Palais des Congres). Contact F. 
Aley Allan, Atomic Industrial Forum, 
3 E. 54th St., New York 22, N. Y. 


May 13-14—First Industrial Radiation 
Conference sponsored by the State of 
Kentucky, Louisville (General Electric 
Appliance Park). Contact Norman 
E. Schell, Dept. of Public Health, 
630 S. 3rd St., Louisville. 
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June 8-11—American Rocket Society 
semiannual meeting, San Diego. Ses- 
sion on nuclear propulsion. Contact 
Stan Gunn, Rocketdyne, 6633 Canoga 
Park Ave., Canoga Park, Calif. 


June 14-18—Semiannual meeting Ameri- 
can Society of Mechanical Engineers, 
St. Louis (Chase-Park Plaza Hotels). 


June 15-17—Annual meeting of the 
American Nuclear Society, Gatlin- 
burg, Tenn. Contact Octave J. Du- 
Temple, John Crerar Library, 86 E. 
Randolph St., Chicago 1. 


June 18-20—Fourth Annual Meeting of 
Health Physics Society, Gatlinburg, 
Tenn. Contact G. T. Saunders, 
Kewaunee Mfg. Co., Adrian, Mich. 


June 18-20—Society of Nuclear Medi- 
cine, Chicago (Palmer House). Paper 
abstracts due March 1 to Donald W. 
Petit, Univ. of Southern California, 
School of Medicine, 1200 N. State St., 
Los Angeles 33. 


June 24-26—2nd Nuclear Instrumenta- 
tion Symposium, Idaho Falls, Idaho. 
Contact H. 8. Kindler, Instrument 
Society of America, 313 Sixth Ave., 
Pittsburgh 22, Pa. 


July 17—9th Annual International Con- 
ference on High Energy Nuclear 
Physics, International Union of Pure 
and Applied Physics, Moscow. Con- 
tact Robert E. Marshak, Univ. of 
Rochester, Rochester, N. Y. 


July 23-30—9th International Congress 
of Radiology, Munich, Germany. 
Contact Sekretariat des 9, Inter- 
nationalen Kongresses fur Radiologie, 
Reitmorstrasse 29, Munich 22. 


Sept. 21—-25—International Conference 
on High Energy Accelerators and 
Their Instrumentation. Contact 
CERN Conference Secretariat, Ge- 
neva 23, Switz. 





Sept. 22-24—3rd Industrial Nuclear 
Technology Conference on non- 
power applications of nuclear 
technology, cosponsored by Ar- 
mour Research Foundation and 
NUCLEONICS, Chicago (Morri- 
son). Contact Leonard Reiffel, 
ARF, 10 W. 35th St., Chicago 16, 
Ill. 





Sept. 28-Oct. 1—National Power Con- 
ference, cosponsored by American 
Society of Mechanical Engineers and 
American Institute of Electrical Engi- 
neers, Kansas City (Muehlebach). 
Contact ASME or AIEE, 33 W. 39th 
mM... 2, m. ¥. 


Oct. 6-9—International Symposium on 
High Temperature Technology, spon- 
sored by Stanford Research Institute, 
Asilomar, Calif. Contact Dept. 734, 
SRI, Menlo Park, Calif. 





at your service to supply and de- 
contaminate protective clothing 


for companies in the nuclear field 
throughout the United States. 


+++ service when and where you want it 


+++ garments maintained in A-1 shape at 
all times 


+++ garments to meet your specifications 
«++ save time, effort, bother and money 


+++ @rrangements made for purchase of 
equipment and supplies 


Interstate is qualified 


to handle both radioactive 


and toxic materials 


AEC Licensed 








EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities 
executive, management, technical, selling, office, skilled, manual, etc. 


WHERE TO BUY 


Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 


DISPLAYED RATES UNDISPLAYED 

The advertising rate is $21.83 per inch for all $2.10 per line, minimum 3 lines. To figure 
MAGNETITE and ILMENITE advertising appearing on other than a con- payment count 5 average words as a line. 
tract basis. Contract rates quoted on re- Position Wanted ads are } of above rate. 
Quauity Hiou-Density SizEpD AND quest 
GRADED ConcrRETE AGGREGATES FOR An advertising inch is measured {” vertically 
Nuciear SHIELDING on a column—2 columns—30 inches to a 


page. a : 
Nuclear Shielding Supplies & Service, inc. Subject to Agency Commission. Not subject to Agency Commission. 


175 Main $t White Picins, N. Y Send NEW ADS or Inquiries to Classified Adv. Div. of NUCLEONICS, P. O. Box 12, N. Y. 36, N. Y. 
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Box Numbers—counts as 1 line. 
Discount of 10% if full payment is made in 
advance for 4 consecutive insertions. 














THE MOST EXPERIENCED 


FILM BADGE SERVICE GENERAL NUCLEAR ENGINEERING CORPORATION 


ST. JOHN X-RAY LABORATORY has important contracts for 
CALIFON, NEW JERSEY the design and development of Gas Cooled Reactors and Boiling Water 
Ectobliched 1925 Reactors and has an immediate need for 





* Reactor Physicists 

CAN you afford to be without— * Mechanical Engineers 

— * Reactor Instrumentation Engineers 
FILM BADGE SERVICE * Reactor Metallurgists 


especially at our low, low rates? F “ 
For Information— WRITE * Technical Report Writers 


NUCLEAR SERVICE LABORATORY ; : : eS ead 
“Radiation Specialists Applicants must have engineering or scientific degrees and a minimum 


P. O. Box 1885 Knoxville 1, Tenn. of two years experience in nuclear energy. Salaries will be commensurate 
with ability, training, and experience. 














Send resumes to 


L. C. Furney 


SEARCHLIGHT 
SECTION 


(Classified Advertising) General Nuclear Engineering Corporation 
BUSINESS OPPORTUNITIES Dunedin, Florida 
EQUIPMENT—USED or RESALE 


DISPLAYED RATE 
$19.25 per inch 


$2.10 « line. Minimum 3 lines. NUCLEAR 

















(Not Available for Equipment Advertising) ALCO PRODUCTS HAS OPPORTUNITIES 
Send ps pes — ments and Inquirie s t N G I N E E R bh) IN ITS ATOMIC ENERGY DEPARTMENT 
to assihec dvertising vision a AND —_ REACTOR ANALYSIS SECTION 


Nucl 
, R P A C T OR — Big ae s 1 to 5 years experience. 


P.O. Box 12, N.Y. 36, N.Y 
responsible for nuclear, 
P H Y S iC | 5 T t thermal, kinetic, and shielding analyses of 
APPR-1, APPR-1A, and other military and 
SPARE CAPACITY commercial reactors. 


Send detailed resume with salary requirements to: 
To Manufacture & Sell in Gt. Britain. Steester, Aduministestive Services 


Important Manufacturing Company in Gt. ALCO PRODU CTS, INC. 


Britain building a new factory in Glasgow has SCHENECTADY 5, NEW YORK 
spare capacity for manufacture of plate and 
tubular fabrications in Steel, Stainless Steel 
and other alloy steels, and also in Non-ferrous 


Metals and Light Alloys, for the Chemical & PHYSICAL SCIENCE OPPORTUNITIES ELECTRONIC ENGINEERS ; 
Nuclear Industries. It invites enquiries from ' Design engineers with pulse circuiting experience 

ew ~ wy “ Applications are invited for the positions of to develop advanced nuclear instruments. Oppor- 
patentees wishing to have their products manu- Deputy Director and of Chemist, in the field tunity to explore new techniques using transistors 
factured and sold under licence in Gt, Britain. of health physics at the Atomic Energy Com- and other solid state devices. Growing organiza- 
mission’s National Reactor Testing Station, tion, completely based on commercial sales, offers 

Apply WW-9570 Nucleonics Idaho. The Deputy Director post involves good opportunity for advancement. 
assisting in technical staff supervision of a Send resume to: P. Shevick 
Class. Adv. Div., P. O. Box 12, N. Y. 36, N. Y. program for protecting the health and safety Nuclear-Chicago Corporation 
of contractor and AEC personnel as well as 223 W. Erie St.. Chica 10, Ilinoi 
_— ° go e inois 
the general public, Broad knowledge of AEC 
or contractor operations and hazard report 
calculations in the nuclear reactor field is 
desirable The Chemistry post offers op- 
HIGH VOLTAGE RECTIFIERS portunity for original independent research in YOUR ORGANIZATION 
Jeveloping new or improved methods in 

872A—$ 1.00 8013 —$1.00 be : 
69B— 45. 8013/ 2.50 chemical and radiochemical analysis. Broad ? 
869B— 45.00 13A knowledge in allied fields of physics and Is it complete? 


PHOTO MULTIPLIER TUBES ate sameeren Fee cnleuiating internal Are you expanding it? 


a Sosene , Preference will bs 2 
€ given applicants for both positions who 

6291 $25.00 are graduated physicists or a chemists—or Making Replacements? 

$5.00 6467 $ 55.00 equivalent—with at least five years progres- Naturally, you are anxious to secure the most 

(K-1193) 145. 00 6911 (K-1292) 110.00 sive professional experience in physical suitable man or men available. You want 

11500 6935 (K-1382) 14500 science. Experience may be either technical men with the special training that will make 

150. 00 7064 (K-1161) 55.00 at administrative, Work is permanent, with them an asset to your organization, You can 

58.50 7065 (K-1162) 55.00 vacation, sick leave, life insurance, and contact such men through an advertisement 

? retirement benefits enjoyed by career AEC his E | O , Ss f 

Partial List employees. Send detailed resumé or ap- in this NT oyment pportunities Section o 

, plication to NUCLEONICS. 


Mr. Gilbert A. McDougal Classified Advertising Division 


CALVERT ELECTRONICS INC. Chief, Federal Personnel Branch 
536 Broadway, Dept. N. New York 12, N. Y. Idaho Operations Office NUCLEONICS 


J.S. Atomic Energy Channintion 
Cable Address: Calvertron, N. Y. Tel: CA 6-7400 PO Box 2108, Idaho Falls, Idaho P. O. Box 12, New York 36, N. Y. 
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142 March, 1959 - NUCLEONICS 





KAPL Physicist Rudolf 


Slovacek working with Lat a 


a 


oratory Developed Time. of 
“4s Flight Analyzer. The grapn 
lt Malellel isla talel. Mallehagel a 
spectra curves obtained 
from data provided by the 


< 


y new Analyzer. This com 
pact instrument fits into 
one 10-inch chassis o~ 


« 
’ 


al The Knolls Atomic Power Laboratory...in Spectra Phystes 


THE FIRST ALL-TRANSISTORIZED Time-of- 
Flight Analyzer has been developed at 
KAPL to aid scientists in determining neu- 
tron energy distributions in a reactor core. 


Accomplishing in an hour what required 
more than a month with previous equip- 
ment, the new Analyzer measures steady- 
state energy distributions in the range 
from 0.01 to 5.0 electron volts. Each of the 
Analyzer’s 256 channels can store 65,536 
counts; each is adjustable in width from 10 
to 80 microseconds. The data that are stored 
in the memory can be printed on cards 
which are used in a digital computer in cal- 
culating the neutron spectra. 


vances such as the Time-of-Flight Ana- 
r are consistently being made at KAPL, 
every technology related to pioneering 


Knolls Alomic Power Laboraibry 
GENERAL @@ ELECTRIC 


work in nuclear propulsion for marine ap- 
plications. Hundreds of KAPL scientists 
and engineers like Rudy Slovacek are con- 
tributing new research findings and tech- 
niques in Reactor Physics, Metallurgy, 
Ceramics, Mechanical Design, and other 
fields. Projects benefiting from such mile- 
stones include KAPL’s twin Pressurized- 
Water Reactors for the Submarine Triton 
and a power plant for the world’s first atom- 
ic powered destroyer. 


PROFESSIONAL OPPORTUNITIES 
...exist today for talented physicists, engi- 
neers and metallurgists who are interested 
in contributing to this development. U.S. 
citizenship required; advanced degree or 
related experience preferred. Send complete 
resume and salary requirement to: 

Mr. A. J. Scipione, Dept. 44-MC. 


OPERATED FOR A.E.C. BY 


Schenectady, New York 


Rudolf E. Slovacek is one of a 
number of KAPL scientists con- 
cerned with reactor physics. 
He earned a BSEE at Union 
College in 1945, joined KAPL 
in 1951 after taking his MS in 
Physics at Indiana University. 
Since then he has contributed 
to several KAPL projects. 





EMPLOYMENT OPPORTUNITIES _ 


senior 

staff 

positions 
in areas of 


reactor 
physics 


chemistry 


metallurgy 


Nuclear Engineering: Core design; heat transfer and fluid flow; control systems and 
operational analysis; advanced reactor evaluation; mechanical design; process design. 
Reactor Physics: Theoretical methods development; experimental physics; advanced 
reactor analysis. 

Chemistry: Radiochemistry; chemical technology; inorganic and physical chemistry. 
Metallurgy: Nuclear fuels; reactor materials; irradiation effects. 

You will work with a highly experienced staff and a complete complex of nuclear 
facilities including a complete critical experiment laboratory, research reactor, high 
speed computers and an engineering prototype development facility. 

Located in the heart of Virginia’s beautiful Blue Ridge country, the Atomic Energy 
Division of The Babcock & Wilcox Company offers a challenging professional oppor- 
tunity plus pleasant suburban living. 

Please send resume or request for information to: 


W. F. Porter, Personnel Manager 

The Babcock & Wilcox Company 

Atomic Energy Division See Page 1 for description 
1201 Kemper Street of one phase of B&W’s 
Lynchburg, Va. nuclear activities. 


THE BABCOCK & WILCOX COMPANY 
ATOMIC ENERGY DIVISION 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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;. 
Y : 
é Uf C 
NATIONAL LABOF TORY 
Operated by the University of Chtsago under 
contract with the United States Atomic Energy Co 


PROFESSIONAL PLACEM 
P.O. BOX 299-K4 + LEMONT, ILLINOT 


( 


nF 


f 


A novel approach to the study of fused salts, developed at 
Argonne, is providing new insights into their solution 
chemistry and structure. 

Studies of the absorption spectra of these unique solvents 
containing actinide, lanthanide, and other transition metal 
ions are yielding detailed information concerning oxidation 
states, oxidation-reduction reactions, complex ion forma- 
tion, coordination numbers, and reaction rates. 

This new knowledge is made possible because of the 
development of convenient techniques for measuring fused 
salt spectra at temperatures up to 1500°K. The interpre- 
tation of these measurements is greatly facilitated by the 
key finding that the transition metal ion spectra in fused 
salts are similar to their spectra in aqueous solutions 
and in crystals. 

Fused salts are already important in many areas of 
nuclear technology, including high temperature homogene- 
ous reactors, fuel processing systems, and the refining of 
metals such as thorium, uranium, and plutonium. 

Still other areas of application, among them the thermo- 
nuclear energy field, are being explored as a result of the 
continuing fundamental investigations of these versatile 
materials. 


STAFF POSITIONS AVAILABLE FOR QUALIFIED 
Physical Metallurgists, Chemical Engineers, Physicists, 
Mechanical Engineers, Metallurgical Engineers, Chemists, 
Electrical Engineers, Mathematicians, Technical Writers 


OPTICAL DENSITY 


WAVELENGTH 


The stable oxidation states of the 
actinide ions in molten LiNOs;- 
KNOseutectic, as revealed through 
their absorption spectra, are U(VI), 
Np(V), Pu(V1), and Ami{ill). 





EMPLOYMENT OPPORTUNITIES 


Artist's concept of the guided-missile cruiser, U.S S. Long Beach, the U.S. Navy's first nuclear- 
propelled surface warship, now under construction by Bethlehem Steel’s Quincy, Mass., shipyard. 


SHIELDING ENGINEERS 


for Naval Nuclear 
Power Plant Development 


Principal duties involve: design of primary and secondary shield- 
ing; performance of special radiation studies pertaining to opera- 
tion and maintenance of nuclear power plants, development of 
computer programs, monitoring, and health physics procedures. 

The Central Technical Department of Bethlehem’s Shipbuilding 
Division, an experienced organization recognized for its technical 
achievements, offers unusual opportunities for qualified shielding 
engineers to participate in our interesting and dynamic nuclear 
power program. 

Minimum qualifications are: 

BS in Engineering or Physics 

2. MS in Nuclear Engineering or equivalent. 

3. At least two years’ experience in design of shielding for 

mobile nuclear power plants or equivalent. 

4. U.S. citizenship. 

If you would like to make full use of your professional training 
in creative engineering, enjoy easy commuting and be close to 
New England's educational and recreational facilities, by all means 
write to us. Your inquiry will be considered confidential and 


acknowledged promptly. Please send résumé to: 


BETHLEHEM STEEL COMPANY 
Shiplbuctding Division 
CENTRAL TECHNICAL DEPARTMENT 


Quincy 69, Massachusetts 
Attention: C. H. Goldthwaite, Assistant Manager 





Wanted: 


Editor for 
NUCLEONICS 





Engineer 
with working experience 
in reactor technology 


Send resume, salary 
requirements to 


The Editor, NUCLEONICS 


330 West 42nd Street 
New York 36, New York 














ADDRESS BOX NO. REPLIES TO: Box No. 
Classified Adv. Div. of this publication. 
Send to office nearest you. 
NEW YORK 36: P. O. BOX 12 
CHICAGO 11: 520 N. Michigan Ave. 
SAN FRANCISCO 4: 68 Post St. 


Position Vacant 


Electronic Circuit Design Engineers—Several years 
experience and graduate training desirable (but not 
required) for challenging circuit design Bonny 
Ability to work in small, outstanding group on 
varied high caliber design projects e.g., computer 
techniques application, data accumulation and re- 
duction, pulse amplifier and discriminator design 

Phillips Petroleum Company, Atomic Energy Di- 
vision, P. O. Box 2067-DJ., Idaho Falls, Idaho. 


Selling Opportunity Wanted 


Engineering or Manufacturing Representative. 
Small Consulting Engineer’s office in Chicago’s 

“‘Loop”’ has time and space to be an engineering 
or manufacturing representative for an out of state 
firm. Nuclear, Chemical and Structural Engineer 
available, RA-9956, Nucleonics. 





PROFESSIONAL 
SERVICES 


yr “i | | 





ASTRA, Inc. 

For Your Atomic Energy Problems 
Nuclear Analyses. Reactor Specifications and 
Designs, Radiation Shielding Design and Anal- 
ysis, Criticality Hazards Studies, Thermody- 
namics and Heat Transfer Analysis, Facilities 
Planning, Health Physics. 

P. O. Box 226 Raleigh, North Carolina 
VAnce 8-4386 CABLE: *‘ASTRA"’ 








FRANKLIN ENGINEERING 


Physicists, Engineers 
Plans, specifications, investigations, reports. 
Consultants in design of research 
facilities and special equipment. 
Power distribution, Control, High Voltage 
Emergency power, Nuclear shielding 
977 Commercial Street Palo Alto, California 
Phone Davenport 1-4114 








INTERNUCLEAR COMPANY 


Nuclear consultants, engineers, and designers 


Economics of Nuclear Power, Reactor Analysis 
and Design, Shielding, Special Applications 


Clayton 5 Missouri 
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Engineers — Scientists 
Required for many aspects 
of General Electric’s 
Aircraft Nuclear Propulsion 
Program... 








APPLIED 
RESEARCH & 
DEVELOPMENT 
AT THE PhD Advise Materials Testing Laboratory on materials prob- 


lems and techniques. Direct experimental, physical, me- 
chanical and electrical tests. Analyze data. 


LEVEL OE PS ee. 


Physics or Carry out reactor analysis and nuclear design of power 


oO = | oa NW INTE R- Nuclear Engineering plants, including formulation of nuclear design specifica- 


tions and test requirements. 


Physical Chemistry Supervise applied ceramic research including fabrication 
processes, testing of ceramic bodies; development of novel 


or Ceramic ; ; 
BAS s sS Engineering ceramic materials. 





Conduct theoretical investigations of effect of neutrons and 
photons on matter. 


_ / Physics 
Opportunities now exist for a 
number of scientists and engineers oe ae be eS me eal le er we a a ee 


with imaginative minds and estab- 
lished reputations to contribute to Mathematics, Engineering analysis of physical systems in electro-me- 


— j chanical areas, deriving equations associated with systems 
extremely sophisticated nuclear Electrical study. Develop generalized digital program for parametric 
propulsion systems, where theoret- 


Engineering study of these systems. 
ical advances must be wedded to ey Le ST <p onl aiken = ae 
new standards of reliability and . 


performance. Apply advanced mathematical procedures and approaches 


in resolving complex problems in areas of reactor analysis. 

Qualified engineers and scien- 
tists are invited to inquire about 
these opportunities to pursue orig- Physics Advanced Reactor Analysis. Plan objectives of experimen- 
inal work in a pioneering area with or Nuclear tal reactor investigations, which adequately combine po- 


° . . tentialities of experimental techniques and improvement 
General Electric. Engineering of theoretical hae — ar 4 


Write in confidence, including i ae. be ae 


salary requirements, to: Physical Metallurgy 


Mr. G. W. Travers, Div. 48-MC or Mechanical Undertake responsibility for studies regarding various ma- 
> " terials used in moderator materials development. 
Engineering 


AIRCRAFT NUCLEAR PROPULSION DEPT. Gt es oo ¢ oN ol 6 Bos BOS eS SG oS Se re OU 


i 
f ) Nuclear Plan, design and analyze specific nuclear shield tests — 
E N E R A L E LE S T Fi Engineering part of broad nuclear shield design program. 


0.0 £9 &8 8 6:69.08 £2 €¢ 0.29 2.9 ££ eee 


P.O. Box 132 Cincinnati 15, Ohio + gil le abs: 
Participate in shield physics experiments, to provide fun- 
damental data for shield design. 


Physics 





A number of additional positions in areas described above are also available to candidates with a Master’s Degree. 
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EMPLOYMENT OPPORTUNITIES 


Opportunities 


in Advanced 
Nuclear Development at 


The Knolls 
Atomic Power 
Laboratory 


Inquiries are invited from 
engineers and scientists ready to 
step up to positions offering 
demonstrated potential for long 
term growth and achievement. 


An appropriate degree plus at 
least one year of related experience 
required for these openings: 


METALLURGISTS 


Materials irradiations experiments 

Materials quality control 
engineering 

Nuclear materials application 

Metallurgical specifications and 
standards 

Process development metallurgy 

Welding metallurgy 

Mechanical metallurgy 

Metallurgical experiment analysis 
and evaluation 


PHYSICISTS 


Theoretical reactor physics 
Experimental reactor physics 


MATHEMATICIANS 


Advanced numerical analysis 
(PhD required) 

Advanced engineering mathematics 
(PhD required) 

Mathematical analysis and 
computer programming 

Computer operations 


MECHANICAL ENGINEERS 
Mechanical design analysis 
Mechanical Metallurgy 

(U.S. Citizenship Required) 


To expedite your inquiry, forward 
your complete resume, including 
salary requirement. Please also in- 
clude the type of work you are 
most interested in pursuing at 
KAPL. Address, Mr. A. J. Scipione, 
Dept. 44-MCA 


Knolls Alomic Power Laboraiory 
GENERAL @@ ELECTRIC 


Schenectady, New York 


NATIONAL LEAD COMPANY of Ohio 


has urgent need for qualified technical person- 
nel. As contract operator for the Atomic Energy 
Commission, the National Lead Company of Ohio 
operates the Feed Materials Production Center 
near Cincinnati, Ohio. Technical activities at the 
project involve plant assistance, process devel- 
opment, and process improvement aimed at more 
economical production of uranium fuel elements 
for use in nuclear reactors. 


@ ANALYTICAL DEVELOPMENT CHEMIST 


Ph.D. degree or equivalent 


Background should include experience in instrumental anal- 
ysis with emphasis on flame photometry, polarography, 
coulometry and related fields. Ability to write technical reports 
is necessary. 


@ RADIOCHEMIST 


M.S. degree or its equivalent, with a background in radio- 
chemistry. Position requires ability and desire to organize and 
supervise radiochemical programs. Work will consist of varied 
radioactivity measurements and tracer work. 


Please send resume of education, experience, and salary requirements to 


EMPLOYMENT SUPERVISOR, Dept. J-101, 


gio Sad Company OF OHIO 


FEED MATERIALS PRODUCTION CENTER 
P. O. Box 158, Mt. Healthy Station, Cincinnati 31, Ohio 








J With nuclear, chemical or mechanical engi- 








neering degree. Experience in power plant 
design and application (conventional or 
nuclear) preferred, process plant acceptable. 
Experience in preparing proposals, handling 
inquiries, market analysis and product appli- 
cation is preferred. 

Send detailed resume including salary require- 
ments in confidence to Director, Administrative 


Applications 
Engineer 








Services 


ALCO PRODUCTS, INC. 


Schenectady 5, New York 











FOR ADDITIONAL INFORMATION 


About Classified Advertising 
Contact The McGraw-Hill Office Nearest You 


DETROIT, 26, 856 Penobscot Bidg. 


ATLANTA, 3, 1301 Rhodes-Haverty Bidg. 
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INDEX TO ADVERTISERS NUCLEAR 
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ey ee ee | INSTRUMENTATION 


ACF Industries, Inc 
Allegheny Ludium Steel Corporation 15 and You aera 
American Hollow Boring Co. 
American Tradair Corp., Ekco Elec- 

tronics Ltd 
Amperex Electronics Corp 
Anton Electronic Laboratories, Inc. . A me “> toy age of 
Applied Physics Corporation 
Arapahoe Chemicals, Inc 
Associated Nucleonics, Inc. A Sub- 


sidiery of tone & Webster Engi- imp Oo rt anc e 


Atomic Energy of Canada Limited 
54,101 


Atomics International, A Division of * 
North American Aviation, Inc...6, 91 da ] r e ct e d t oO 
Autoclave Engineers, Inc 


Automatic Switch Co 
Babcock & Wilcox Company, Atomic 


Mann Neng all users of 


Barnstead Still & Sterilizer Co..... 
Blickman, Inc., S 


Central Illinois Public Service Com- nuclear 


Central Research Laboratories Inc.. . 
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Consolidated Controls Corp ° 

Conols for Recaton tn instruments 

Cornell Aeronautical Laboratory, 
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Corning Glass Works 
Curtiss-Wright Corp. Electronics Di- 





Ebasco Services Incorporated Victoreen—world’s first nuclear instrument pro- 

neem aise tem ducer—is now introducing its new Tullamore Line 

Electric Steeel Foundry Co........ “ ae 

Electro Data Division, Burroughs of nuclear instruments. This is important to you. 
Corp. ’ ? ? 

Foxboro Co., The It’s important because the entire Tullamore Line 


General Electric Co., Atomic Equip- represents fresh, creative design thinking in: 
ment Department 


ee ee ee oe * Multi and single-channel gamma spectrometers 

Great Lakes Carbon Corp 

Hamner Electronics Co., Inc. . Electrometers 

Harshaw Chemical Co., The * High-voltage power supplies 

Haws Drinking Faucet Co......... © Scalers 

Herring-Hall-Marvin Safe Company. 32 

High Voltage Engineering Corp. 8, 117 * Ratemeters 

International Nickel Company, Inc.. 62 ¢ Unique accessories for all of the above 

Interstate Industrial Uniform Rental 
Service, Inc 1 Victoreen is confident that future users of The 

Kaleor Engincers Tullamore Line of instruments will be as enthusi- 


Keithley Instruments, Inc : . 
Leeds & Northrup Co astic as present users. The Tullamore Line, comple- 


Levinthal Electronic Products, inc. . | menting and extending the breadth and scope of 

Los Alamos Scientific Laboratory... : , 2 

M & C Nuclear, Inc Victoreen’s nuclear instruments and systems, now 

Magnetrol, Inc makes Victoreen virtually a ‘‘single source”’ for all 

Mallory-Sharon Metals Corporation. ‘] e . , 

atin Oo. the your nuclear instrumentation needs. And remem- 

McGraw-Hill Book Co ber, Instrument is our middle name — particularly 

Michigan Chemical Corp nuclear instrument. cea 

Minneapolis-Honeywell : 

National Aeronautics & Space Ad- 
ministration 

National Carbon Company, Division AtomFair Booth 508-510 
of Union Carbide Corp... .4th Cover 

National Lead Co 


Nuclear Chicago Corporation The Victoreen Instrument Company 
Nuclear Development Corporation of 5806 Hough Avenue © Cleveland 3, Ohio 
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IN we wore Wanel. SPECTROSCOPY Nuclear Measurements Corp.. ree 
Nuclear Service Laboratory.......142 
Nuclear Shielding Supplies & Serv- 
Re rrr 
Nuclear Systems A Division of the 

MODEL 50-8 Budd Company........ Se 
PORTABLE SPECTROMETER Pompey te ras 
Oltronix Inc...... : oe 
Pacific Coast Engineering Co...... 35 
Penberthy Instrument Co......... 98 
: ; Philips Gloeilampenfabricken, N.V..123 
materials. For oil and uranium ‘ 

: Picker X-Ray Corp... re. ee 
Prospecting and general lab- Pilot Chemicals, Inc.. .. 136 
oratory measurements. Plessey Nucleonics Limited........ 93 
Radiation Counter Laboratories Inc. 29 
Radiation Instrument Co..........114 
Radiation Instrument Development 


MODEL 50-6 Laboratory, Inc. ..... 5 os oe 
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Rosemount Engineering Company. .105 
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St. John X-Ray Laboratory........142 
Searchlight Section.........142-148 
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0 to 85 volts, then resets and : ; 
repeats cycle. Data is automat- United States Pipe & Foundry a is 
ically plotted on Brown Elec- Steel & Tubes Div..... : ’ 
troniK Recorder. Automatic Sam- United States Steel Corporation .46, 47 
ple Changer (accessory Model United States Steel Export Corp..46, 47 
48-1) will change sample when Van Nostrand Company, Inc. D.. . . 106 
sweep circuit resets. May also 
be operated as manual spec- 
trometer 


Virtually eliminates troublesome cosmic rays permit- 


ting quick and accurate identification of radioactive 


Designed for qualitative analysis of radioisotopes — 
singly, or in compounds and mixtures: for applications 


involving two or more isotopes 


Varian Associates... -s 

Victoreen Instrument Co., The.115, 149 

Westinghouse Electric Corp., Atomic 

Fuel Dept.. 

Westinghouse Testing R 

Wheeler Mfg. Co., C. H.... oan ee 
MODEL 34 SERIES Where To Buy 142 

MULTI-CHANNEL SPECTROMETERS Wolverine Tube, 

: umet & Hecla, Inc. . a 

Uses ferrite-core memory system for rapid, accurate Worthington Corporation......... 59 

spectrum analysis. Auto-Print, memory subgrouping 

> ain wih antenna PROFESSIONAL SERVICES. . 142 

eens, Seetes Wa CLASSIFIED ADVERTISING 

er Check, rooult in enparal- F. J. Eberle, Business Mgr. 

leled versatility and automa- EMPLOYMENT 

a. “OPPORTUNITIES ... .142-148 

a EQUIPMENT (Used or Surplus 

New) For Sale 14 

Available Soon — Model 34-8 Transistorized 200 Channel Analyzer incorporating all RIDL exclusive SPECIAL SERV ICES 

features, giving you more channels and features per dollar than any other transistorized analyzer. Contract Work 

Alco Products Inc........-. 
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ENUITY 


has made KE the experienced 
leader in nuclear projects 


The Engineering Test Reactor, Hanford Production 
Reactors, Aircraft Nuclear Propulsion Testing Facilities 
these represent some of the nuclear energy 

projects performed by Kaiser Engineers. In each case, 


KE ingenuity produced efficient, lower cost facilities. 


KE’s Nuclear Engineering Division has the highly 


specialized skills and experience required to undertake 
Engineering Test Reactor, National Reactor : 
Testing Station, idaho. Designed and built complete design and construction of nuclear research, 
t KE — hedu d th t te! oes 
” Te production or power generating facilities. Call KE for 


planning or building your nuclear project 


Kaiser om J r i engineers-contractors 
ENGINEERS KAI ty Re N e N E ERS Contracting since 1914 
Division of Henry J. Kaiser Company - Oakiang 12, California. New York, Pittsburgh, Washington, 0.C., 


Buenos Aires, Calcutta, Dusseldorf, Montreal, Rio de Janeiro, Sydney, Tokyo 








Rel aTrionAL NUCLEAR GRAPHITE... 


“a TRADE MARY 


te 


First Atomic Reactor Showing Graphite Blocks and Fuei Cylinders 


SAFER TO HANDLE BEFORE 
AND AFTER EXPOSURE! 


The original graphite used in 1942 in the world’s first nuclear 
reactor (above) is now being used in the exponential assembly 
or subcritical reactor (left) recently constructed at Argonne 
National Laboratory operated by the University of Chicago 
under contract to the Atomic Energy Commission. 

After its initial operation at West Stands, Stagg Fieid, Uni- 
versity of Chicago, the original reactor was dismantled and re- 
assembled at Palos Park Site. Again in 1955, it was dismantled 
and much of its graphite has been used in constructing this 
exponential assembly. 

NATIONAL CARBON considers the safety features of its graph- 
ite important. It’s safer to handle, it’s safer structurally, and 
it’s safer for university use. 

Its ability to withstand tremendous heat—gaining in strength 
as temperature rises—prevents melt-down even with tempera- 
ture excursions. 

Whatever your needs... a moderator, reflector, thermal col- 
umn, fuel element concepts, control rods, molds, crucibles... 
remember that no other material today has so many useful 
nuclear properties as does “National” Nuclear Graphite. 


*.> 


: — ee ~ ; Write today for 
Subcritical reactor utilizes 30 tons of graphite first used at Stagg Field, =, “New 8-Page Brochure 
University of Chicago in 1942. V. H. Shoemaker, of the International / ‘National’ Nuclear Graphite” 


School, Argonne National Laboratory, is inserting indium foil 


UNION 
National’’ and ‘‘Union Carbide”’ are registered trade-marks Union Ca*bide Corporation CARBIDE 
NATIONAL CARBON COMPANY : Division of Union Carbide Corporation +» 30 East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Lim: ted, Toronto 





